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ABSTRACT 
Production of Mountain Whitefish (Prosopium williamsoni) 
in Altered and Unaltered Reaches of Two 
Intermountain Streams in Their 
Alluvial Flood Plains 
by 
Michael J. Ottenbacher, Master of Science 
Utah State University, 1980 
Major Professor: Dr. Richard S. Wydoski 
Department: Wildlife Science 
Estimates of production and related parameters (growth rate, 
xi 
density, standing crop) were made for populations of mountain whitefish 
in altered and "unaltered" areas of the Glacksmith Fork and Logan River, 
UtJh from spring 1975 through summer 1976. Capture records of marked 
whitefish were also analyzed to describe fish movement and check on 
assumptions implicit in the population estimator. 
Mean weights and instantaneous growth rates of whitefish were 
similar at all sites for comparable size/ag groups. Arnong sites, 
differences in production per sampling interval and annual production 
were due mainly to differences in standing crop and/or age structure. 
Estimates of mountain whitefish density varied by site and season 
and ranged from Oto 3,467 fish/ha, with the highest densities occurrin� 
xii 
during the fall and winter (spawning season) and the lowest during the 
summer when strea111flows were low. Estimates of standing crops of 
whitefish followed a pattern similar to density. In the sites where 
fish remained during the summer most production occurred during the 
spring and summer. 
A bulldozed reach of the Logan River (including an "unstable" 
section) had the highest annual production of mountain whitefish (51.85 
kg/ha/yr)--almost double the annual production for the same reach when 
the unstable section was not included (31.85 kg/ha/yr). The highest 
annual production of whitefish in sites in the Blacksmith Fork River 
(51.23 kg/ha/yr) occurred in a reach that had been recently dredged but 
still contained a riffle and pool structure. Annual production of 
whitefish was low in a recently bulldozed reach (5.47 kg/ha/yr) and an 
old bulldozed reach (10.08 kg/ha/yr) of the Blacksmith Fork River where 
suitable habitat (pools and glides) was lacking, especially during the 
summer months. 
Mountain whitefish remained or returned to reaches after channel 
alterations as long as water depth remained sufficient. 
This study illustrated the necessity of frequent sampling when 
attempting to evaluate the effects of perturbations on fish populations 
or in production studies in general. 
(132 pages) 
INTRODUCTION 
The mountain whitefish, Prosopium williamsoni (Girard), is widely 
distributed in the coldwater streams and lakes of western North America. 
Its range includes the west slope of the Rocky Mountains to the Pacific 
Ocean from British Columbia to Utah (Jordan and Evermann 1905). The 
mountain whitefish occurs in the Columbia, Lahonton, Bonneville, 
Colorado and Upper Missouri drainages in the United States. In Utah, 
the range of the mountain whitefish includes the Asay Creek drainage, 
tributaries to the Colorado River, and Sevier River drainage. This 
species is most abundant in the Logan, Blacksmith Fork, and Weber Rivers 
(Sigler and Miller 1963). 
McHugh (1941) and Sigler (1951) summarized the age and growth of 
whitefish in Montana and Utah, respectivel y. Brown (1952) documented 
spawning behavior of mountain whitefish in se veral Montana streams. 
McHugh (1940), Laakso (1951), and Pontiu s and Parker (1974) made 
extens ive studies of the food habits of mountain whitefish. Movement 
and behavior as well as other aspects of the ecology of whitefish were 
investigated by Davies and Thompson (1976), Pettit and Wallace (1975), 
and Thompson and Davies (1976). Goodnight and Bjornn (1971) and 
Bergersen (1973) es timated production of mountain whitefish in Idaho 
and Utah, respectively. 
The mountain whitefish often comprises a substantial portion of 
the fish biomass in its native waters (Binns 1972, Brown 1952, Goodnight 
and Bjornn 1971, Erickson 1966). Many anglers, however, consider the 
whitefish inferior to other game fish (Brown 1952, McAfee 1966, Sigler 
2 
1951). State agencies have attempted to increase sportfishing for this 
under-utilized species by liberalizing catch limits and providing 
anglers with information on fish techniques and preparation for the 
table (Rothweiler 1977, Utah Division of Wildlife Resources 1976). As 
fishing pressure increases, the mountain whitefish has the potential for 
becoming a more important sport fish in western North America. This 
fish may also be useful as an indicator species in cold, western waters 
when its habitat requirements and ecology are quantified. 
Stream channel alterations have affected much of the aquatic 
habitat throughout the range of the mountain whitefish. Channel 
straightening and filling have typically been done for a number of 
reasons including highway construction, agricultural irrigation 
projects, and flood control. Peters and Alvord (1964) reported 1,987 
individual alterations in 768 miles of Montana stream channels that 
were inventoried. Previous research has documented the detrimental 
effects of channel alterations on most salmonid populations in the 
altered areas. Whitney and Bailey (1959) reported a drop from 69 to 
six catchable-sized trout (less than or equal to 6 inches), in a reach 
of Flint Creek, Montana within a year after rechanneling. Peters and 
Alvord (1964) found over 5-1/2 times the weight and over nine times the 
numbers of gamefish in unaltered versus altered channels of 13 Montana 
streams. Undisturbed sections of 45 Idaho streams contained an average 
of eight times the weight of game fish as altered reaches (Gebhards 
1970). Elser (1968) reported that trout were 78 percent more abundant 
in an unaltered reach than in an altered reach in a mountain zone of 
Prickly Pear Creek, Montana. Annual production of brook trout in a 
natural channel and an area last altered in 1913 was two times the 
production in a recently altered reach in the Guena Vista Marsh, 
Wisconsin (Headrick 1976). 
3 
The response of mountain whitefish to channel alterations, however, 
is unclear. Peters and Alvord (1964) reported that nearly 10 times as 
nany whitefish were censused in natural channels versus altered channels 
in Montana. The biomass of whitefish, however, in altered sites was 
nearly equal to or greater than the biomass in unaltered sites in the 
St. Regis River, Montana (Lund 1976). Barton et al. (1972) reported 
that whitefish populations were essentially the same in recently altered 
reaches with habitat improvement structures and recently unaltered 
reaches of the Weber River, Utah. Mountain whitefish appeared to use 
altered reaches if suitable habitat (pools and glides) remained after, 
or were created by the alteration. 
The objectives of the present study were: l) To compare population 
estimates, standing crops, and production of mountain whitefish in 
altered and unaltered reaches in the valley floodplain of intermountain 
rivers; 2) To relate the physical changes in the streambed to the 
distribution, numbers, and production of mountain whitefish; 3) To 
describe more fully the ecological requirements for various sizes/ages 
of mountain whitefish. 
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STUDY AREA 
The Logan and Blacksmith Fork Rivers in northern Utah (Figure l) 
are typical of streams in the Intermountain West. Both rivers originate 
as mountain streams that flow through canyons with a steep gradient, 
but open into widely meandering streams with a low gradient in the 
floodplain (of Cache Valley). The Blacksmith Fork and Logan Rivers 
have national reputations as fine trout streams and are important 
Class I waters (highest value fishery resource) for much of their 
lengths (U.S. Fish and Wildlife Service 1978). 
Cache Valley is a narrow, elongate basin about 1,455 m (4,775 ft) 
above sea level in the northeast corner of the Great Basin that is 
covered by fertile sedimentary deposits of ancient Lake Bonneville. 
Tertiary rocks of the Salt Lake Formation are fairly well exposed in 
the foothill areas of the valley and Paleozoic rocks are found in the 
higher mountains bordering the valley (Williams 1962). Much of the 
sandstone is calcareous and about 95 percent of the rocks are of marine 
origin. Broad terraces of silt, clay, sand, and gravel were formed as 
ancient Lake Bonneville receded and these alluvial deposits are still 
conspicuous today between the canyons of the Blacksmith Fork and the 
Logan Rivers. 
The climate is semi-arid with about 40.6 cm of precipitation 
occurring annually. The average monthly air temperature for the year 
is 8.6 C (47.3 F) with a low in January of about -4.1 C (24.6 F) and 
a high in July of 21 .6 C (71.2 F) (Utah Department of Employment 
Security 1972). 
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Figure 1. Location of study sites on the Blacksmith Fork and Logan Rivers, Utah. u, 
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The dominant vegetation of the area depends upon the altitude. 
Douglas fir (Pseudotsuga menziesiU, Englemann spruce (P_~~a e_n_g~l-
mannii), and sub-alpine fir (Abies lasiocaIE_~_) are common species found 
on the north slopes about 2,286 meters (7,500 ft) in elevation. 
Quaking aspen (Populus tremuloides) is common on the cool moist moun-
tain slopes and canyon bottoms. Rocky mountain juniper (Juniperus 
scopulorum) and mountain mahogany (Cerocarpus ledifolius) are found on 
the shallow, drier soils with bedrock outcroppings on the south-facing 
slopes. In the canyon bottoms along the streams, the water birch 
(Betula occidentalis) is found in scattered clumps. Box elder (~cer 
negundo), narrow leaf cottonwood (Populus angustifolia), red osier dog-
wood (Cornus stolonifera), sandbar willow (Salix exiaua), velvet ash 
(Fraxinus velutina), and balsam poplar (Populus balsamifera) are trees 
that are characteristic to the floodplain areas at the study sites. 
Description of Streams 
Streamflows of the Blacksmith Fork and Logan Rivers are primarily 
governed by runoff from the snowpack as the air temperatures increase 
from mid-April to mid-July. The drainage area of the Blacksmith Fork 
River at U.S. Geological Survey Station 10113500 is 694 km2 The 
average daily discharge for 62 years was 3.65 m3/sec with an annual 
production of 115 hm3/yr (U.S . Geological Survey 1976). The drainage 
area for the Logan River at U.S. Geological Survey Station 10109000 is 
554 km2. The average daily discharge for 62 years was 3.40 m3/sec with 
an annual production of 107 hm3/yr. These values do not include the 
irrigation diversion that occurs in the canyon. The average combined 
daily discharge of the Logan River and the Logan, Hyde Park, and 
7 
Smithfield Irrigation Canal for 79 years was 7.79 m3/sec with an annual 
production of 246 hm3/yr. 
Hydrographs of the average daily discharge and maximum-minin1um 
valu es were plotted for 1975-76 for a selected U.S. Geological Survey 
station on the Blacksmith Fork River and on the Logan River (Figure 2). 
Graphs of weekly water depth readings at stand gauges in the study 
areas of both rivers (Figure 3) illustrate the effect of the additional 
water diversions which occur below the U.S. Geological Survey stations. 
In general, the Blacksmith Fork River had a lower flow than the Logan 
River and flows for both rivers were lower in 1976 than in 1975 because 
of a smaller snowpack. Water temperatures, averaged weekly, and the 
average maximum and minimum values in 1976 were plotted for the Black-
smith Fork River and for the Logan River in Figure 4. The water 
temperatures of the Blacksmith Fork River, in general, were slightly 
warmer than the Logan River and the greatest fluctuation in water 
temperature occurs during the warmer summer months. 
The ranges of se lected water chemistry parameters are compared for 
both rivers in Table l. Waters with chemistry values such as these have 
been shown to be productive for brown trout (McFadden and Cooper 1962). 
The predominant fish in the Blacksmith Fork and Logan Rivers are 
the brown trout (Salmo !_~utta) and mountain whitefish. In addition, the 
mottled sculpin (Cottus bairdi) is found. Cutthroat trout (~alma 
£!_arki), rainbow trout (Salmo gairdneri), and speckled dace (Rhinichthys 
osculus) are also found occasionally in the study areas of these rivers. 
In early spring, large Utah suckers (Catostomus ardens) migrate into and 
through the study sites. During the summer, small numbers of carp 
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Figure 2. Mean and range of daily discharge for the Logan River above 
the State Dam near Logan, Utah (U.S.G.S. Station 10109000) 
and for the Blacksmith Fork River above Utah Power and Light 
Company Dam near Hyrum, Utah (U.S.G.S. Station 10113500), 
1975-76. 
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Figure 3. Weekly readings of water depth (cm) at stand gauges in the 
Logan and Blacksmith Fork Rivers, Utah, 1975-76. 
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Blacksmith Fork Rivers, Utah, June 1975 to December 1976. 
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Table l. Comparison of ranges in total dis solved solids, hardness, 
alkalinity, and pH at several sites in the Blacksmith Fork 
and Logan Rivers, 1966-67.l ,2 
Location Dissolved Solid s Hardness Alkalinity pH 
11 
--------- ------- -- ·---- -
f3lacksmith Fork 
Below Mill Creek near 
Hyrum, Utah 
Above Utah Power & 
Light Dam near 
Hyrum, Utah 
Logan River 
Above state dam near 
Logan, Utah 
Below confluence with 
Blacksmith Fork 
127-243 
160-236 
155-210 
164-336 
1Data from Waddell and Price (1972). 
133-229 
147-222 
148-224 
151-294 
121-212 
144-211 
149-207 
137-274 
7.6-8.6 
7.4-8.3 
7.4-8.l 
7.5-8.5 
2
values for dissolved solids, hardness and alkalinity are given in 
milligrams per liter. 
(~ri nus carpi o) and the Utah chub (Gila a tra ri a) were sampled from 
the study si tes. 
Stream alterations 
Water development of the Logan River began in 1860 when the first 
irrigation canal was built (Haws 1965). Today several large canals 
divert a large part of the Logan River flow. Logan, Hyde Park and 
Smithfield Canal above the State Dam diver te d an average of 56.3 per-
cent of the daily flow during the summer months and about the same 
percentage of the total annual runoff (U.S . Geological Survey 1976). 
The historical development of the Logan River, changes in water use, 
and legal controversies over water rights are documented in detail by 
Haws ( 1965) . 
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The diversion of water from streams as they enter the floodplain 
reduces streamflows and is especially critical to aquatic life during 
the low flows of summer. Therefore, any evaluation of the effect of 
strealll channel alterations on aquatic organisms must include the effect 
of reduced strearnflows as part of the man-influenced river systems for 
all larger rivers in the Intermountain West. 
The maximum daily streamflow of the Logan River was recorded at 
70.2 m3/sec (2,480 ft 3/sec) on May 24, 1907 (Corps of Engineers 1973). 
Flood conditions have occurred fairly often in the Blacksmith Fork and 
Logan Rivers when rapid melting of the mountain snowpack occurred 
between April and June. Eight major floods have occurred since 1900 
that damaged agricultural crops in the floodplain--mostly below the 
confluence of the Blacksmith Fork with the Logan River (Corps of 
Engineers 1976). 
According to local landowners, channelization of the streambeds in 
both rivers began over 50 years ago when the ranchers shovelled the 
streambed gravel by hand and transported this gravel from the stream by 
wagons pulled by horses. Short reaches of the rivers have been altered 
ever since that time. Today short reaches of the rivers are altered 
periodically with backhoes and bulldozers by individual agriculturists 
because of flooding on their land. Five study sites were selected that 
would provide information on two types of stream channel alterations 
and two control areas in the floodplains of these rivers (Figure l). 
A detailed account of changes in the streambed at the study sites i s 
given by Helm ( In press). 
The Logan total bulldozed and 
stable bulldozed sites 
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A flood control project conducted by the U.S. Army Corps of 
Engineers on the Logan River in 1971 was criticized by local residents 
and the Utah Division of Wildlife Resources; the project even brought 
national attention (Stroud 1972). The Logan total bulldozed site was 
located within a l.69 km (1.05 mile) reach that was widened into a 
cross-section that was shaped like a trapezoid (Utah Division of Wild-
life Resources 1972). In addition, all understory vegetation was 
removed and large trees near the channel were either removed or cut 
back. A 500 m section of this stream channel, altered by a bulldozer 
in 1971, was selected as a study site (Logan total bulldozed site) 
(Figure 5). The stream channel at this site has remained relatively 
stable since 1971 except for the 100 m section at the downstream end 
of the site. This unstable section (immediately downstream from a bend 
in the river) is scoured each spring, forming deep pools along the west 
bank._ In April 1975, the unstable part of the reach was rechanneled by 
a bulldozer; the remainder of the reach has not been altered by man 
since 1971. 
The differences in fish populations in the stable and unstable 
portions of the Logan total bulldozed site were assessed by computing 
two estimates for each sampling period, one for the entire 500 m reach 
(Logan total bulldozed site) and one for the 400 m of stream which have 
remained stable (Logan stable bulldozed site). The bulldozed reach of 
the Logan River is characterized by a virtually straight channel and 
t 
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Figure 5. Maps of the bulldozed reach of the Logan River, Cache County, Utah, 
illustrating conditions in spring 1972 after the entire reach was 
altered (upper), and in November 1975 (lower). Area downstream 
from arrow was altered in August 1975. From Helm (In press). ...... ..:,. 
few pools (Figure 5). The thalweg/centerline length ratio was l .005 
and 1.007 in 1975 and 1976, respectively. 
The ~lacksmith dredged site 
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Gravel deposition in the channel raised the river bed and water 
table, creating flooding problems at this site on the Blacksmith Fork 
River. The landowner dredged approximately 500 m of this reach by back-
hoe on 20 and 21 March 1975. The backhoe was operated from one bank 
so that little change occurred to the opposite bank and the stream 
meander and sinuosity were not substantially changed. Alteration at 
this site consisted of removing gravel bars and filling areas where 
erosion had occurred. Bank vegetation was incidentally removed or 
covered with gravel along much of the reach. Much of the gravel was 
redeposited in this reach from sources upstream during the spring 
runoff so the reach was dredged again by the landowner on 28 August 
1975. Plan view maps (Figure 6) illustrate the changes related to the 
two dredgings and spring runoff periods at the Blacksmith dredged site. 
The number of pools decreased following both dredgings and increased 
after spring runoff. This 400 m-long site had the most unstable sub-
strate of any site between 1975 and 1976 (based upon an index which 
combined values of net erosion and deposition) (Helm, In press). 
The Blacksmith recently bulldozed 
and ·o1rru 11 dozed sites 
The floodplain of the Blacksmith Fork River near Millville, 
Providence, and Nibley, Utah is being converted from agricultural uses 
to commercial and residential uses (Corps of Engineers 1976). The 
U.S. Army Corps of Engineers channeled a reach of the Blacksmith Fork 
River near Nibl ey and Millville, Utah in the fall of 1971 to prevent 
N--
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Figure 6. Maps of the recently dredged reach of the Blacksmith Fork River, Cache County, Utah, showing 
conditions in (left to right) January, April, June and September 1975, and June 1976. From 
Helm (In press). ..... 0) 
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flood damage in this area. On 6 September 1975, landowners rechanneled 
a part (about 300 m) of this reach by bulldozer in an attempt to pre-
vent bank erosion. The 300 m of stream channel that was re-bulldozed 
comprised the Blacksmith recently bulldozed site. The channel at this 
site was straightened and widened, resulting in a decrease in the 
number of pools and total linear length of pools as well as a lower 
thalweg/centerline length ratio (Figure 7). Some of the pools which 
were filled during the alteration were restored by the natural scouring 
action during spring runoff. The Blacksmith recently bulldozed site 
was the most severely dewatered of the study sites on the two rivers. 
Virtually all of the streamflow was diverted for irrigation at a point 
about 50 m above the upstream boundary of the site from 4 July through 
10 July 1976. During this period only intermittent, shallow pools from 
seepage remained in the reach. 
The Blacksmith old bulldozed site consisted of a 300 m reach 
immediately above the recently bulldozed site. Although this site had 
been unaltered since 1971, the channel had remained straight and there 
were few pools greater than l m deep (Figure 7). The old bulldozed 
site was not as severely dewatered as the recently bulldozed site 
during the 1976 irrigation season because the major diversion in the 
reach occurred at the lower end of the old bulldozed oortion. 
The Blacksmith control site 
This 600 m reach (see Figure l for location) was selected as the 
primary control site since it was the most "natural" site on either 
river. This site contained much streambank vegetation that provided 
stable banks and overhanging cover. Pool s and riffles occurred 
0 
400 
N~ 
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Gravel bar 
11!1111111111111111 Pools dee pe r thar. l meter 
o 100m 
Figure 7. Maps of the rec ently bulldozed and old bulldozed reaches of the Blacksmith Fork River, Cache 
County, Utah, illustrating conditions in ( top to bottom) August 1975 before alterations, 
September 1975 after alterations (downstream from arrow) and in June 1976. From Helm (In 
press). ...... :::0 
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alternately throughout the entire reach (Fi gure 8). A fish kill 
occurred in this site in late July and August 1976. Both brown trout 
(approximately 90 observed mortalities) and mountain whitefish (nine 
observed mortalities) were affected. Fish mortalities were found from 
the upstream end of the control site downstream to a point below the 
Blacksmith dredged site. The suspected cause of the fish kill was a 
herbicide that may have entered the stream from an irrigation return. 
The L..2_gan control site 
This reach (Figure 9) was chosen to provide supplementary informa-
tion to the primary control site on the Blacksmith Fork River. Part of 
this site (from Oto 152 in Figure 9) had been altered with a bulldozer 
in November 1971. A cable crossing and a vehicle crossing or ford were 
also constructed at approximately station 76. A large rock and concrete 
sectio ns were placed along one bank to prevent erosion. This site (400 
m long) was the least altered area of the Logan River that could be 
effect ivel y sampled by electrofishing gear. 
---- Curren t center 
llllllllllllllllll Pools de eper than 1 meter 
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0 100m 
Figure 8. Map of the control reach of the Blacksmith Fork 
River, Cache County, Utah in November, 1975. From 
Helm ( In press). N 0 
----- Current center 
l'oc 1 i~ deeper th;in 
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0 100"1 
Figure 9. Maps of the control reach of the Logan River, 
Cache County, Utah in spring 1972 after alter-
ations as far upstream as 152 meters (arrow), and 
in fall 1975 (lower). From Helm (In press). N 
METHODS 
Collections 
Fish were sampled periodically with two 500 watt de backpack 
electroshockers between February 1975 and December 1976 (Appendix A). 
Study sites were sampled by 100-m intervals by two crews of three to 
seven people each, depending upon fish density and streamflow condi-
tions. Captured fish were held in 100 £ plastic buckets and anesthe-
tized in a solution (0. 14 ml/1) of MS-222/Quinaldine mixture 
(Schoettger and Steucke 1970). Fork and total lengths to the nearest 
millimeter were normally recorded for all whitefish sampled. Total 
length only was recorded for some of the small young-of-the-year. 
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Fish between 10 g and 500 g and fish over 500 g were weighed on 500 g-
and 5 kg-capacity dietary scales, respectively. Weights for whitefish 
less than 10 g were estimated from length-weight regressions for 
young-of-the-year whitefish from the Logan River (Brown 1972). 
Fish larger than 50 g were marked with numbered dart tags (Dell 
1968). Fish smaller than 50 g were marked by removal of fins (adipose 
or pelvic) or by punching holes in fins. Small fish were also marked 
with freeze brands (Everest and Edmundson 1967) and numbered fingerling 
Gangler tags, but these techniques were not used extensively because of 
the relatively long time necessary to process fish. 
All fish that were marked for population estimates were held until 
fully revived before being released in the same reach where they were 
captured. Visual inspections of the stream were made periodically after 
electrofishing to check for delayed mortality of the released fish. 
All data were keypunched on standard co1nputer cards, verified and 
stored on tape. Data analysis was done on a B6700/B7700 Burroughs 
digital computer. 
Movement 
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Movements of individual fish over 50 g were determined during this 
study by marking fish with numbered dart tags. Some fish under 50 g 
were also marked with freeze brands and fingerling dangler tags. Data 
on movement were obtained during sampling of fish for population esti-
mates, growth, and fecundity. In addition, several collections were 
made outside the boundaries of study sites to aid in the interpretation 
of fish movement (Appendix A). 
The fish were stratified by size group and time between recaptures 
to determine the percentage of fish that moved, the direction of move-
ment (upstream or downstream), the mean distance that fish moved, and 
the number of fish that remained stationary. Size categories of fish 
roughly approximated young-of-the-year, juveniles, and mature white-
fish. The distance traveled by individual fish was determined to the 
nearest 100 m. Fish movement into adjacent sections may reflect an 
actual change in fish location of only a few meters across an imaginary 
boundary. Consequently, fish movement between adjacent sections was 
treated separately. Fish movement was al so analyzed by size group and 
by season for different streamflow conditions and the spawning season. 
If a fish was marked and recaptured in different seasons, the movement 
was recorded as occurring during the season of recapture. The Black-
smith recently bulldozed and old bulldozed sites were combined for the 
analysis of fish movement. 
Fish movement was studied to 1) check on assumptions involved in 
estimating population size, and 2) to help understand the role of 
movement in the ecology of mountain whitefish. 
Age and Growth 
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Scales were obtained from selected fish at various times. The 
scales were sampled from the left side of the fish, about midway 
between the origin of the dorsal fin and the lateral line. Impressions 
of the scales were made on cellulose acetate and examined on an 
Eberbach scale projector at SOX. At least two independent readings 
were made of the scales for each fish. The number of annuli, fork 
length of fish, as well as date and location of sampling were recorded 
and analyzed. Age determinations from scale readings were validated by 
comparison with length frequencies of the fish and other information 
available on whitefish from the Logan River (Sigler 1951, Bridges 1963, 
Matthews 1966, Bergersen 1975). Using the information obtained from 
scale readings and length frequency histograms, final age divisions 
were estiffiatect by date of collection. All analyses were made from fork 
lengths of fish. The relation between fork and total length (mm) was 
calculated as TL= 4.0 + l.0524FL (r = 0.99; n = 87). Length groupings 
were made to approximate age groups 0, I, II, III, IV+ or year classes 
1975 through 1971+ in 1975 and 1976 through 1972+ in 1976. 
Growth rates for the ti me i nterva 1 s between population estimates 
in each study site were calculated by year class. Growth was assumed 
to be an exponential functicn c1.nd was calculated by following Chapman 
(1968): ln w2 - ln w, 
G = --""-----=-li t 
where 
G = instantaneous growth rate, 
w1, w2 = mean weights of an age group at times t 1 and t 2, 
respectively, 
ln = natural logarithm, 
~t = time interval (t 1-t 2). 
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The mean weights for whitefish in the Logan stable bulldozed site 
were calculated from fish from the Logan total bulldozed site because 
of low numbers of fish in these areas during some samplings. Data from 
the Blacksmith recently bulldozed and old bulldozed sites were also 
combined for mean weights of whitefish. 
The oldest age group (IV+) was bounded only by a minimum size and, 
consequently, was open to recruitment between population estimates, 
especially during spawning season when large, mature fish were moving 
extensively. Growth rates for this age group were assumed to be the 
same as for Age III whitefish for the intervals when it was obvious 
that changes in the mean weight of Age IV+ fish at a given site were 
due to movement. Such adjustments of growth rates are noted in 
Appendix B (Tables 7-12). 
Population Estimates and Change Rates 
Whitefish populations were estimated using Chapman's (1951) modifi-
cation of the Petersen estimator: 
A (M+l)(C+l - l 
N = R+l 
where 
N = estimated number of fish in the population, 
M = number of fish marked on the first (marking) sample, 
C = number of fish captured on the second (recapture) sample, 
R = number of fish in the second sample that were marked during 
the first sampling. 
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Fish movement was incorporated into the estimator when 2 percent 
or more of the marked fish captured at a site had immigrated into that 
site between mark and capture samples. It was assumed that the move-
ment behaviors of marked and unmarked fish were the same, so that: 
where 
a 
- = q or a= eq 
e 
a= total number of whitefish captured in the second (recapture) 
sample which had immigrated into the site between mark and 
recapture sample dates, 
e = number of marked whitefish which had immigrated into the 
site between mark and recapture sample dates, 
q = ratio of the total number of whitefish in the area where 
immigrants originated : number of marked whitefish in the 
area where inmigrants originated . 
Chapman's equation was then modified to 
where 
N* = (M+1)(c-a+1L (R+l) -
N* = revised estimate of the number of whitefish in the population, 
§=estimate of a as defined above, obtained from movement data, 
M, C, R = as defined above. 
Population estimates were made by length groups approximating Age 
0 through Age III and Age IV and older. Populations in the Logan 
control site were estimated on 9 October 1975 and 5 February 1976. 
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Populations in all other sites were estimated at approximately two-
month intervals. Confidence intervals (95 percent) for individual 
estimates which were not modified for movement were calculated treating 
the ratio of recaptures to captures (R:C) as a binomial variable (Seber 
1973) and obtaining intervals from the tables of Crow (1956) and the 
graphs of Clopper and Pearson (1934). 
The first population estimate for the Blacksmith recently bull-
dozed site (11 August 1975) was made using the 11two-catch 11 method of 
Zippin (1958): 
where 
A cf 
N = C, .. :t2 
N = estimated number of fish in the population, 
c1 = number of fish in first catch, 
c2 = number of fish in second catch. 
Fish were grouped by approximated year classes and 95 percent confidence 
A 
intervals were calculated for a normal distribution (N ± 2 SE). The 
standard error (SE) was calculated from 
The two-catch estimator was used for the first population estimate in 
the Blacksmith recently bulldozed site because the proposed alteration 
of this site was scheduled before the recapture sampling could be made 
to apply the Petersen estimator. 
If whitefish of particular year classes were not found during 
mark and recapture samplings, the population was recorded as 0. 
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Changes in fish numbers between successive estir- ,c:-tes resulted from 
either movement or mortality or a combination of the two. Population 
change rates were calculated by combining both components since they 
could not be separated and the estimator of production does not require 
a distinction between the two. The population change rate was calcula-
ted as 
where 
y = 
Y = instantaneous population change rate, 
N1, N2 = population estimates for a year class at times t 1 and t 2 , 
ln = natural logarithm, 
~t = time interval between estimates (t 2-t 1). 
Fecundity 
During maturation, the gonads of whitefish increase in size and 
weight while somatic tissue may not increase at all. At spawning, 
whitefish lose a large portion of their weight (~p to 20 percent for 
mature females). Such losses are reflected in production estimates 
and should be taken into account in the calculation of annual produc-
tion (Chapman 1968, Toetz 1967). Therefore, the average weight of 
gonads of maturl female whitefish was determined just prior to spawning 
season. The number of mature eggs (fecundit y ) was also estimated. 
Weight loss due to release of sexual products by male whitefish was 
considered insignificant. 
Whitefish were sarrpled to obtain data on fecundity on 31 October 
1975 in an area approximately 1 km downstream from the total bulldozed 
site on the Logan River. Mature females were taken irrmediately to the 
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laboratory where they were weighed to the nearest gram and measured to 
the nearest millimeter. Ovaries from each fish were removed, weighed 
to the nearest 0. l g on a triple-beam balance, and preserved in 10 
percent formalin. Fecundity estimates were made gravimetrically from 
the preserved ovaries. Eggs were separated from the ovarian tissue and 
blotted to remove excess fluid. Egg counts were made from a subsample 
of the anterior, middle and posterior sections of the ovaries (approxi-
mately 15-30 percent of the total weight cf both ovaries). Total egg 
counts for ovaries of five whitefish varied less than ±2 percent from 
the estimates by the gravimetric method. 
Study sites on the Blacksmith Fork River were sampled for the 
presence of whitefish e£~S during December 1975. Samples were taken 
with a Hess Sampler (total area 1380 cm2). Substrate size and water 
depth were recorded for each sample. 
Production 
Production is defined as the total elaboration of fish flesh 
during any time interval C~t), including the an,ount fomed by indivi-
duals that do not survive to the end of that time period (Ivlev 1966). 
Biomass (standing crop) of a year class was calculated as 
- ~ 
B = w N 
where 
w = mean weight for a year class, 
N = estimated number fer c.: year class. 
Mean biomass of a year class (Bi) between collections was obtained by 
following Chapman (1968): 
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B. = 
1 
where 
B
0 
= biomass of a year class at the beginning of the time interval 
betwc21: ~; amp 1 i ngs, 
G, Y = instantaneous growth and population change rates, respec-
tively, for the period between samplings. 
Production (P) was calculated for a cohort (i) over a time interval (t) 
using: 
where 
Git= instantaneous srnwth rate for cohort i during interval t, 
Bit= mean biomass of cohort i during time interval t. 
Production of a year class during time intervals when the initial or 
final biomass estimates were O was not included in the annual produc-
tion cst in~t e because estimates of G or B were not available. 
RESULTS AND DISCUSSION 
Movement 
About two-thirds (67 percent of 2990 recapture records) of the 
mountain whitefish were recaptured in the same 100 m section where 
they were last captured or the section immediately adjacent to it 
(Table 2). 
Table 2. Numbers of recaptured mountain whitefish as related to 
distance traveled and direction of movement since their 
last capture in Logan and Blacksmith Fork Rivers, Utah, 
1975-76. 
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Size group Stationary or 
moved between 
adjacent 100 m 
sections 
Moved downstream 
more than 100 m 
Moved upstream 
more than 100 m 
>235 mm 
134 
1869 
68 
464 
32 
423 
There was no difference in upstream or downstream movement (464 
and 423 fish respectively) of large whitefish (>235 mm) that had moved 
at least 100 m since their last capture. However, fish less than 
235 mm in length were recaptured more often downstream (68 observations) 
than upstream (32 observations) (X2 = 12.96; df = l; p <0.025). The 
greatest distance between recaptures of a whitefish was 7.2 km for a 
258 mm fish t hat was marked in the Blacksmith recently bulldozed site 
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on 9 October 1975 and recaptured in the Logan control site on 5 
February 1976. A 313 mm whitefish that was marked on 22 November 1975 
in the Logan stable bulldozed site had moved downstream to the conflu-
ence of the Logan and Blacksmith Fork River, then upstream in the 
Blacksmith Fork River and was recaptured 18 days later in the Black-
smith recently bulldozed site (5.8 km from the point of fir st capture). 
This was the longest distance that was traveled by a whitefish in the 
shortest time in this study. Seventy-two of the marked whitefish moved 
between the two rivers during this study. Most of these (60) moved 
downstream from one of the Logan River sites then upstream into the 
Blacksmith Fork River. 
Earlier studies indicated little movement of stream-dwelling 
mountain whitefish. In Utah, Sigler (1951) reported relatively little 
upstream movement of pre-spawning whitefish in the upper Logan River. 
Brown (1952) observed no marked movement or migration during the 
spawning season of whitefish in several Montana rivers, although he 
reported that a small number of whitefish moved into tributaries to 
spawn. Later, McAfee (1966) stated that stream populations of vJhite-
fish do not seem to travel long distances to spawn. In contrast to 
these studies, most recent authors (Berger se n 1973, Bridges 1963, 
Davies and Thompson 1976, Erickson 1966, Matthews 1966, Peters 1974, 
Pettit and Wallace 1975) have reported pronounced movement by stream-
dwelling mountain whitefish. 
Movement of adult fish 
----------
Spawning season. The peak of the spawning season for whitefish 
occurred during late October and early November in the Logan and 
Blacksmith Fork Rivers. Water temperatures during the spawning season 
33 
ranged between l C and 7 C. Davies and Thompson (1976) reported that 
the prespawning movement of whitefish in the Sheep River, Alberta 
corresponded with a drop in the minimum daily water temperature from 
6 C to 2 C during a four day period in September. Whitefish in the 
West Gallatin River, Montana in 1949 did not spawn until water temper-
atures had decreased to 6 C (Brown 1952). 
Sampling for whitefish eggs in the study sites and the presence 
of ripe and partially-spent fish in all sites during October and 
November indicated that whitefish spawned in all study sites. Mountain 
whitefish are broadcast spawners that often use gravel and rubble areas 
in pools and riffles. Brown (1952) reported that whitefish did not 
appear to select certain bottom types for spawning. He found devel-
oping eggs in bottom types ranging from coarse rubble to fine gravel 
and in water depths from 13 cm to 1.2 m. The eggs were most numerous 
in areas adjacent to strong currents although he found some eggs where 
streamflows were hardly perceptible. R. Smith found that the most 
important factors related to the number of whitefish eggs in samples 
from the Logan River were water velocity, the area of the river sampled 
and the relative position (distance from banks) in the stream 
(Stalnaker and Gresswell 1974). The bottom type and water depth 
apparently had little or no effect in the selection of spawning areas. 
Thompson and Davies (1976) inspected two whitefish spawning sites in 
the Sheep River, Alberta . The average water velocities at the two 
sites were 103 and 90 cm/s. The average water depths were 38 and 48 
cm. The substrate at their two sites was composed of small (5-10 cm 
diameter) to large (30-50 cm diameter) rock and rubble. In the Sheep 
River study, groups of spawning mountain whitefish were also observed 
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in relatively shallow, extremely fast water in the upper river and in a 
long (40 m), deep (>2 m) pool in the lower river. In the present study, 
whitefish eggs were found in substrates ranging in size from sand and 
fine gravel to large rubblE and in water depths from 18 cm to 0.8 m. 
Although all study sites contained areas suitable for spawning, 
many whitefish traveled between sites and between rivers before 
spawning. During the spawning season, up to one-third of the marked 
mature whitefish (19 to 33 percent) at a given site had moved between 
sites or emigrated from other reaches into the study sites since their 
last recapture (Figure 10). Whitefish moved both upstream and down-
stream during this period. About a fourth (24 percent; 145 of 602) of 
the whitefish that were recaptured during the spawning season and 
during at least one other season were captured in different areas of 
the river systen, during the two seasons (Figure 11). Many of the fish 
marked during the spawning season were never recaptured and presuwably 
had moved prior to and following spawning. 
Other researchers have reported extensive movements of whitefish 
duri ~g the spawning season. Bridges (1963) reported that the peak 
downstream movement for whitefish in a reach of the upper Logan River 
occurred in November. Matthews (1966) observed more whitefish moving 
downstream than upstream duri~g the late fall and winter in the lower 
Logan River (below the confluence with the Blacksmith Fcrk River). 
He attributed that movement to changes in water quality and strearriflows 
in a reach of the river that received sewage effluent from t~e City cf 
Logan. Later, Berge rs en ( 1973) reported U,e greatest downstream move-
ment of whitefish occurred during November in this same reach of the 
Logan River following abatement of the sewage effluent. Whitefish in 
1 
LOW STREAMFLOWS DURING SUMMER 
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BB= Blacksmith recently and old bulldoze d; BC= Blacksmith control; 
BO= Blacksmith dredged; LC= Logan control; LB= Logan bulldozed; 
N = area outside study site boundaries . 
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Figure 10. Number and location of adult mountain whitefish (>250 mm FL) 
recaptured in study sites on the Logan and Blacksmith Fork 
Rivers, Utah, 1975-76, compared with location of previous 
capture. 
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NORMAL STREAMFLOWS DURING WINTER 
(29 November-10 April for Logan River; 
29 November-27 March for Blacksmith Fork) 
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HIGH STREAMFLOWS DURING SPRING 
(11 April-25 June for Logan River; 
28 March-5 June for Blacksmith Fork) 
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Figure 10. Continued. 
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Site of Capture 
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BB= Blacksmith recently and old bulldozed; BC= Blacksmith control; 
BO= Blacksmith dredged; LC= Logan control; LB= Logan bulldozed; 
N = area outside st udy site boundaries. 
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Figure 11. Number and location of adult mountain whitefish (>250 mm FL) 
captured in the Logan and Blacksmith Fork Rivers, Utah, 
during spawning season that were also captured during the 
winter or summer period, 1975-76. 
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the Sheep River, Alberta moved downstream to spawn and remained there 
over winter (Davies and Thompson 1976). Pettit and Wallace (1975) 
reported pronounced upstream migration (82 km) of mature whitefish prior 
to spawning in the North Fork Clearwater River, Idaho. 
Although mountain whitefish moved extensively in the Logan and 
Blacksmith Fork system during the spawning season, no overall pattern 
or direction of travel was apparent. Movement during this period, 
however, should not be considered random. The dramatic increase in 
numbers of whitefish at all sites suggest that spawning fish were 
emigrating from reaches with conditions unsuitable for spawning (perhaps 
the lower Logan River) or may have been homing to areas where they were 
hatched. Movement of some whitefish was by no means passive, as evi-
denced by their pronounced movement upstream or movement between rivers 
(downstream in one river followed by upstream movement in the other). 
One whitefish (286 mm long) was captured in the Blacksmith control site, 
recaptured in the Logan stable bulldozed site during the spawning 
season, and recaptured again during late winter in the Blacksmith 
control. 
The highest densities of spawning whitefish occurred in the Logan 
stable bulldozed site. The majority (36 of 59) of mature whitefish 
which moved between rivers were captured in the Logan River during 
October and November and probably spawned there. Conditions (water 
velocity, water depth, and size of substrate) in the Logan stable bull-
dozed site were probably optimum for whitefish reproduction. The high 
numbers of ripe fish would have insured complete fertilization of eggs. 
The gravel and rubble bottom in the site would allow adequate aeration 
and the stability of the substrate in most of the site would minimize 
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egg mortality from mechanical damage. Stalnaker and Gresswell (1974) 
listed incomplete fertilization, predation by insects and fish, and 
mechanical damage from agitation as environmental factors influencing 
survival of whitefish eggs. 
Since young-of-the-year were not recruited to electrofishing gear 
at any site until three to four months after emergence it was impos-
sible to determine any difference in survival through the incubation 
period among sites. The unstable bottom and spring dredging probably 
had a detrimental effect on the survival of eggs and newly-hatched fry 
in the Blacksmith dredged site. Paradoxically, this site usually had 
the highest numbers of young-of-the-year after they were recruited to 
gear in the summer. It is likely that many of these young fish had 
drifted into the Blacksmith dredged site from upstream after emerging 
or used Ballard Springs as a refuge and nursery area. 
Some whitefish in the Blacksmith Fork and Logan Rivers apparently 
returned to the same area for spawning in successive years. Over half 
of the mature whitefish (23 of 40 fish) that were captured during both 
spawning seasons of this study were found in the same stream reach both 
times. None of these repeat spawners were captured in their spawning 
area during summer or early fall. It is unlikely that most of these 
repeat spawners remained in the same site for the entire year without 
being recaptured during sampling in the sumner and early fall when 
electrofishing efficiency was highest. Liebelt (1970) reported homing 
(the return of fish to the place where they were captured after release 
in another area) for spawning mountain whitefish in the Yellowstone 
River, Montana. Pettit and Wallace (1975) showed evidence for homing 
of adult whitefish to the same spawning tributaries of the North Fork 
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Clearwater River, Idaho. Evidence of homing for mountain whitefish in 
tributaries of the Snake River, Wyoming has also been reported 
(Erickson 1966). The selective advantages of reproductive homing and 
its implications in production studies are discussed by Northcote 
(1967). 
Winter. After spawning, many whitefish remained in the spawning 
areas throughout the winter. Most (>80 percent) whitefish that were 
captured during the spawning season and again during late winter had not 
moved (Figure 11). Whitefish that did not remain in their spawning 
areas generally (66 of 80 fish) moved upstream. 
Whitefish movement following spawning was probably to reaches with 
pools that are used as overwintering areas. Most sites provided suffi-
cient water depth for cover during the winter months. Pettit and 
Wallace (1975) and Davies and Thompson (1976) reported that post-
spawning whitefish moved downstream in the North Fork Clearwater River 
and the Sheep River, respectively. Both studies indicated that the 
movement to downstream reaches provided more favorable overwintering 
areas for the fish. Matthews (1966) and Bergersen (1973) also reported 
that whitefish in the lower Logan River moved predominantly downstream 
during the winter. 
Spring and summer. Little information was obtained during the 
spring because high streamflows made sampling impractical. Almost all 
(173 of 188) of the marked whitefish that were recaptured at the study 
sites during spring had not moved since their last capture. The few 
fish that had moved and were recaptured appeared to move randomly up or 
down stream. Other authors (Davies and Thompson 1976, Erickson 1966) 
have reported upstream movement and movement into tributaries during 
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spring which they suggested were related to feeding activities of 
whitefish. Approximately 35 percent of the whitefish recaptured by 
Bergersen (1973) in the lower Logan River during March had moved down-
stream. He reported no upstream movement for that month. Mature 
whitefish in the North Fork Clearwater River, Idaho moved upstream 
during late spring and summer where they remained until after spawning 
(Pettit and Wallace 1975). 
Recaptures of marked fish indicated little movement during spring 
and summer in the present study. However, there was obviously a pro-
nounced emigration of mountain whitefish from all sites as evidenced by 
the dramatic fluctuations in the population estimates of fish for the 
early spring and summer. 
The lowest estimated populations in all sites occurred during 
summer. There was virtually total emigration of the population of 
mature fish from the Logan stable bulldozed and Blacksmith recently 
bulldozed site during the summer. At this time, the whitefish probably 
moved to areas of the river with pools, where depth provides cover for 
this species. During summer sampling, the majority of fish in study 
sites were captured in the deeper pools. Pettit and Wallace (1975) 
observed that movement of mountain whitefish in the North Fork Clear-
water system ceased during the summer; the fish tended to congregate in 
the more favorable habitats (i.e. pools) during the period of low 
streamflows. Davies and Thompson (1976) stated that, in the summer, 
whitefish in the Sheep River, Alberta occurred upstream from areas used 
for spawning and overwintering. Erickson (1966) documented movement of 
mountain whitefish into tributaries of the Snake River, Wyoming during 
spring and summer. He believed that these movements were closely 
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associated with increasing water temperatures and volumes in the tribu-
taries that were used by whitefish as feeding areas. 
Movement of juvenile fish 
The movement of juvenile mountain whitefish (170 to 250 mm) in the 
study area was less defined (Figure 12). Populations of subadults in 
the study sites did not demonstrate the pronounced increase during 
spawning season that was evident for mature fish. Numbers of one and 
two year old fish were more closely associated with streamflows and were 
often highest during the spring. Most of the juvenile whitefish (9 of 
13) that moved between the two rivers were captured in the Logan River 
during the low streamflows of summer. While the Logan bulldozed sites 
appeared to be marginal habitat for larger fish, they apparently provi-
ded sufficient cover for some smaller fish. Juvenile whitefish probably 
moved in response to changes in streamflows and associated changes in 
cover (water depth). Pettit and Wallace (1975) reported that fry, 
reared in the upper North Fork Clearwater River , Idaho, moved downstream 
as water temperatures decreased in September, and remained in the lower 
river for the next two growing seasons prior to reaching sexua 1 maturity. 
Thompson and Davies (1976) stated that the location of a few juvenile 
whitefish appeared similar to adult fish in the Sheep River, Alberta. 
They speculated that the majority of two-year-old fish lived in two 
other rivers in the same drainage until they became mature and returned 
to the Sheep River. 
Movement of young-of-the-year 
Only eight of 101 young-of-the-year mountain whitefish that were 
freeze-branded were recaptured. All of these fish were recaptured in 
l 
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LOW STREAMFLOWS DURING SUMMER 
(26 June-23 September for Logan River; 
6 June-3 October for Blacksmith Fork) 
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BB= Blacksmith recently and old bulldozed ; BC= Blacksmith control; 
BO= Blacksmith dredged; LC= Logan control; LB= Logan bulldozed; 
N = area outside study site boundaries . 
Figure 12. Number and location of juvenile mountain whitefish (~250 mm 
FL) recaptured in study sites on the Logan and Blacksmith 
Fork Rivers, Utah, 1975-76, compared with location of 
previous capture. 
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Figure 12. Continued. 
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the same reach where they were marked (Blacksmith dredged and control 
sites). Age O whitefish were first sampled in a shallow area at the 
mouth of Ballard Springs in the Blacksmith dredged site. At this time 
(8 June), young-of-the-year whitefish were 41 to 61 mm TL. Later in 
the summer, young-of-the-year fish were found in all sites sampled--
often in midstream areas deeper than 25 cm and with relatively fast 
water velocities. 
After hatching, white f ish fry drift downstream to suitable holding 
areas of shallow backwaters (Davies and Thompson 1976). Fry inhabit 
these protected side pools and shallow areas near shore until summer 
when they move into deeper areas of streams (Brown 1952, Brown 1972, 
Davies and Thompson 1976, Pettit and Wallace 1975). Erickson (1966) 
reported that young-of - the-year whitefish in the Snake River, Wyoming 
apparently used a small tributary spring (15 cfs) as a nursery area 
during spring, summer, and fall. In the present study, Ballard Springs 
may have provided Age O whitefish with a nursery and refuge area during 
high streamflows of spring and the low flows associated with irrigation. 
Whitefi sh th at hatched in the Logan sta ble bulldozed site probably 
drifted downs t ream, s i nce few suitable hol ding areas were available at 
that s ite. Young-of-the-year whitefish th at were 68 to 89 mm long were 
sampled in the Logan total bulldozed site on 9 July 1976 (n=9) and 16 
July 1976 (n=l7). These fish may have emigra ted into or been passing 
through the site. Large numbers of young- of- the -year whitefish were 
observed in deep pools downstream from the bulldozed reach on the Logan 
River during late summer of 1975 (Mongillo1). 
1Personal communication from Paul E. Mongillo, Fall, 1975, Depart-
ment of Wildlife Science, Utah State University. 
Movement of mountain whitefish 
in response to stream 
channel alterations 
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The streambed alterations undoubtedly caused some displacement of 
whitefish during the actual dredging or bulldozing operations. However, 
the ultimate effect of the alterations on whitefish distribution, as 
well as the immediate response of whitefish in the altered reaches, was 
obscured by other variables and the "normal11 movement behavior of the 
fish. Many whitefish returned to altered areas within a short 
period of time following the alteration. In the Blacksmith dredged site, 
about one-third (24 and 31 percent) of the marked fish captured at the 
site during the sampling irrrnediately before the two dredgings were later 
recaptured at the same site. Most of these (29 of 38) were recaptured 
in the Blacksmith dredged site within one month after dredging. Recap-
ture records for whitefish in the Blacksmith dredged site also indicated 
that at least two fish remained during both dredgings or returned quick-
ly after being displaced. Only four fish were marked in the Blacksmith 
recently bulldozed site prior to the 1975 alteration. One of these fish 
was later recaptured there. 
Stationary fish 
While many whitefish moved extensively in the Logan and Blacksmith 
Fork Rivers, other fish apparently remained in the same site during the 
entire year. A total of 46 whitefish was recaptured five or more times 
after they were first marked. Only six (13 percent) of these fish were 
ever recaptured more than l km away from the point where they were 
marked. Further evidence of a limited "home range" for some whitefish 
was given above for the two whitefish repeatedly captured in the same 
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location (Blacksmith dredged site) in spite of the two alterations that 
occurred there. 
Summary of movement 
Although extensive movement was apparently not a universal pheno-
menon among whitefish, many fish did demonstrate complex patterns of 
movement. Interpretation of data obtained over a relatively short 
period of study and from a limited portion of the available habitat, 
however, can only be indicative of movement. While many factors (i.e. 
cover, feeding, reproduction) undoubtedly operate as proximate and ulti-
mate reinforcers for whitefish behavior associated with movement, more 
study is needed to determine the mechanism(s) that influences the move-
ment of whitefish. In general, the whitefish appeared to use 
riffles, glides and pools with substrates of small gravel to rubble; 
during low streamflows in summer, they move to areas with deeper pools. 
Growth 
Ages were assigned to 549 mountain whitefish from the analysis of 
scales. The oldest whitefish was seven years old. The largest white-
fish that was sampled during this study was 471 mm FL and weighed 
1270 g. Only nine of approximately 10,000 whitefish weighed over one 
kilogram. 
General trends 
Mountain whitefish in the Blacksmith Fork and Logan Rivers grew at 
a rate similar to that reported by other authors for whitefish in the 
Logan River and faster than whitefish in streams in Idaho and Alberta 
(Table 3). During this study, Age Groups I, II and III were larger at 
Table 3. Comparison of the mean fork length (mm) for mountain whitefish from selected different streams 
at the end of each growing season. 
Reference Water I II II I IV 
Bergersen (1973)1 Logan River, Utah 118 197 256 291 
Matthews (1966)2 Logan River, Utah 111 147 187 222 
Pettit and Wallace (1975) Upper North Fork 103 191 240 268 
Clearwater River, Idaho 
II II Lower North Fork 115 198 234 266 
Clearwater River? Idaho 
II II Kelly Creek, Idaho 104 197 245 271 
Sigler (1951) 1 Logan River, Utah 107 191 242 276 
Thompson ( 1974) Sheep River, Alberta 71 126 186 234 
This study 3 Logan and Blacksmith 125 215 260 285 
Fork Rivers, Utah 
1Mean fork length (mm) calculated from reported mean total length (rrm) using equation: FL= 
0.9502TL - 4.0 mm. 
2Mean fork length (mm) calculated from reported mean standard length (mm) using equation: FL= 
l.0990SL (Sigler 1951). 
3Lengths at the end of the growing season in this study were estimated from length frequency 
histograms and mean lengths of selected samples of fish aged by the scale method. 
V 
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the time of annulus formation (spring) than whitefish of similar ages 
from other reaches of the Logan River (Bergersen 1973, Matthews 1966, 
Sigler 1951). After four growing seasons, whitefish in the study area 
were approximately the same size as that reported by Bergersen (1973) 
and Sigler (1951) but larger than that reported by Matthews (1966). 
Mean weights for whitefish of comparable age groups at all study 
sites were similar within seasons (Figure 13). Whitefish in the two 
rivers generally grew fastest in the spring and summer and grew slower 
or lost weight during spawning season and winter. The mean weights for 
Age IV+ fish fluctuated because that age/size group was open to recruit-
ment between samplings. Such fluctuations were most evident during the 
spawning season when mature fish moved extensively. The youngest age 
classes showed the highest growth rates at all sites. Young-of-the-year 
whitefish consistently exhibited the fastest rate of growth. 
Seasonal growth patterns of whitefish during this study were simi-
lar to those found by Bergersen (1973) for whitefish in the lower Logan 
River. Bergersen, however, reported that Age II and older whitefish in 
his study lost weight from July through November 1971. While there were 
instances of weight loss during the surrmer in the present study, white-
fish generally gained weight throughout the summer and did not lose 
weight until fall or early winter. Bergersen (1973) reported that Age 
Groups O and I did not demonstrate negative growth rates. He attributed 
the negative growth in the older age classes to low food production and 
high water temperatures during the summer and fall. Goodnight and 
Bjornn (1971) documented growth for mountain whitefish in the Lemhi 
River, Idaho from June 8 through September 7. In their study, whitefish 
grew fastest during the first half of that period. Goodnight and Bjornn 
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Figure 13. Mean weights of mounta in whitefish by year-class in the Logan and Blacksmith Fork Rivers, 
Utah, 1975-76. u, 0 
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believed that little tissue was produced between November l and April l 
and that some negative growth (weight loss) was probable during wi~ter. 
Young-of-the-year whitefish grew faster than any other age/size group 
of whitefish in the Lemhi River. Hagen (1970) stated that mountain 
whitefish in Phelps Lake, Wyoming increased cons~~erably in size before 
they reached age one. He observed that mature fish in the lake showed 
practically no growth after the middle of October until late in June 
when water temperatures had started to increase . Other authors (Bernard 
1976, Cooper 1953, Egglishaw 1970, Gosse 1978, Headrick 1976, Hopkins 
1971, Lowry 1966, McFadden 1961) have reported similar growth patterns 
for other salmonids--most growth occurring in spring and summer and low 
growth rates during late fall and winter . In general, young fish pro-
duce the largest increments of growth that become less with the age of 
the fish (Carlander 1969). 
Variations from the general 
growth pattern 
The rrajority of mountain whitefish in this study exhibited growth 
on a seasonal basis and throughout life in the genera l pattern described 
above. There were instances, however, when fish of a particular age 
group deviate d from the usual growth. Such Jeviat ions may have resulted 
from actual differen ces in growth or from poor estimates of the mean 
weight for an age group because of small s2~ple size. 
Although numbers and biomass of whitefish in the Logan total bull-
dozed site fluctuated 9reatly, the fish that remained at this site had 
the fewest (two) periods of weight loss of any of the study sites 
(Figure 13). Weight loss occurred for whitefish in the older · age groups 
during the low streamflows of summer 1975 and the spawning season in 
1975. 
Whitefish lost weight more often in the Blacksmith dredged site 
than at any other site. All but one of the intervals of weight loss 
(negative growth) occurred during the low streamflows of summer or the 
spawning season. There were no evident differences in mean weights or 
growth rates of comparable groups of whitefish between the year of 
dredging (1975) and the following year. 
Factors influencing growth 
in mountain whitefish 
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McHugh (1941) lists food and temperature as two important factors 
influencing whitefish growth rates. Other factors affecting the growth 
of fish are well outlined by Weatherly (1976). Thompson and Davies 
(1976) and Brown (1972) reported differences in length and weight of 
young-of-the-year whitefish in different reaches of the Sheep River, 
Alberta and the Logan River, respectively. Both authors attributed the 
larger size of fry in downstream reaches to warmer water temperatures 
that resulted in earlier emergence. Thompson and Davies (1976) stated 
that the increase in temperatures downstream also reflected a more 
abundant food supply. Significant differences in back-calculated 
lengths of Age I and Age II whitefish from different areas of the North 
Fork Clearwater River may have been due to warmer temperatures in lower 
reaches (Pettit and Wallace 1975). In the present study, water tempera-
tures in the Blacksmith Fork River were generally higher than those in 
the Logan River throughout the year (Figure 4). While warmer tempera-
tures may have resulted in earlier emergence and faster growth of 
whitefish fry in the Blacksmith Fork River, young-of-the-year whitefish 
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were seldom sampled in the Logan River, so no comparisons could be made. 
There were no significant differences between the mean weights of older 
(Age I+) fish between these rivers. 
The standing crops of macroinvertebrates during this study were 
highest during the winter at all sites (Reger 1979). The lowest 
standing crops of macroinvertebrates occurred during summer in the 
Logan total bulldozed site and Blacksmith control site and during the 
fall following alterations in the Blacksmith dredged site and Blacksmith 
recently bulldozed site. Although alterations drastically reduced 
standing crops of macroinvertebrates temporarily, altered reaches 
"recovered" in four or five months (Reger 1979). The effect of the 
alterations and resulting decrease in bottom organisms on growth of the 
whitefish in the recently altered reaches was not clear. Although the 
general morphology of the mountain whitefish and its food habits suggest 
that they generally feed off the bottom, this species also feeds on 
drifting organisms (Brown 1972, Thompson and Davies 1976). Research by 
Pontius and Parker (1973) indicated that mountain whitefish in the Snake 
River, Wyoming did not feed randomly from the drift alone or solely from 
the bottom. The rapid recolonization of the recently altered areas by 
invertebrates during this study suggested a substantial drift of macro-
invertebrates into those areas. Thus, drift may have ameliorated the 
effect of a decrease in bottom forage organisms on growth of whitefish 
in the Blacksmith dredged and bulldozed sites. 
One reason for the similarity of growth rates among study sites 
was the mobility of whitefish throughout the study area. Whitefish 
moved readily from reaches with little cover (low streamflows and 
absence of pools) to areas with more suitable habitat. Movement 
probably also moderated the effect of other factors (i.e. food availa-
bility, temperature) influencing the growth of whitefish in different 
sites. Other authors (Davies and Thompson 1976, Erickson 1966) have 
hypothesized that some movement of whitefish were ostensibly to areas 
of high food production. 
Sources of error 
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As mentioned above, some estimates of mean weights when fish popu-
lations were low were questionable. The influence of such biased mean 
weights was considered negligible in production estimates. Since pro-
duction is a function of the mean biomass of whitefish and their growth 
rate, the error in estimating production (positive or negative) for 
populations with low numbers of fish would be small. 
Growth rates for the oldest age group (IV+) of whitefish were 
sometimes adjusted because fish moved between sampling periods. Since 
the IV+ age group of whitefish was bounded only by a lower size limit, 
it was open to recruitment between sampling. Selective immigration 
and/or emigration of the larger or smaller fish in this age group result-
ed in bi ased mean weight and growth rate estimates. Lowry (1966) dis-
cussed a similar problem for cutthroat trout in three Oregon streams 
when he recorded negative growth for fish in the 1959+ year class (Age 
III+). He believed that the estimate of negative growth resulted from 
selective emigration of the larger members ~f that age group to spawning 
areas in the small tributaries outside of his study sections. 
In this study, the growth rate for Age III fish was used in esti-
mating production of older fish when it was believed that movement of 
differentially smaller or larger fish in the IV+ age group had occurred 
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between sampling for gro1t1th rates. The seasonal growth for Age III 
whitefish provided by Bergersen (1973) was similar to that for older 
fish. Increments of annual growth (growth between successive annuli) 
are similar for Age III and older whitefish (to Age VII) (Matthews 
1966, Pettit and Wallace 1975, Rawson and Elsey 1950, Sigler 1951, 
Thompson and Davies 1976). The use of growth rates from Age III white-
fish for older age groups probably resulted in a slight overestimate of 
production for those groups. 
Population Estimates 
General trends 
Population estimates were converted to densities (number/ha) to 
facilitate comparisons between sites. Actual estimates and confidence 
intervals are given in Appendix B (Tables 13-19). 
Estimated densities of mountain whitefish in the study area varied 
greatly (0-3,467 fish/ha) by site and season (Figure 14). The greatest 
density of whitefish occurred at all sites during the spawning season 
in late fall or in winter. The numbers generally declined through the 
spring, then decreased dramatically during the low streamflow period 
of su111111er. Bergersen (1973) found the highest density of whitefish in 
the lower Logan River above 7-Mile Creek during November 1971 in his 
study (June 1970-November 1971). He report ed an annual average popula-
tion size of 689 whitefish/1000 m above 7-Mile Creek. Other researchers 
have reported densities of mountain whitefish up to 65,983 whitefish/ 
1000 m (Binns 1972). The marked variation in numbers of whitefish by 
season, however, and different age structure between populations makes 
any comparisons with reported densities of total whitefish populations 
3000 
~ ! 2000 
5 
;:: 
~ ~ 1000 
.. 
.c 
---
3000 
5 2000 
5 
~ ~ 1000 
3000 · 
.. 
.c 
---0 7000 
C 
z 
8 
~ 1000 ~ 
LOGAN STABLE BULLDOZED 
--
--
F H A M J A 
1975 
LOGAN TOTAL BULLDOZED 
r H A H J A 
1975 
f M A H J A 
1975 
f H A H J A 
1976 
0 N 0 F H A M 
1976 
BLACKSMITH DREDGED 
H A M J d A 
1976 
Figure 14. Estimates of the density (r.umber/ha) of mountain whitefish 
in study sites on the Logan and Blacksmith Fork Rivers, 
Utah, 1975-76. 
56 
1UOO 
g ?000 
.. 
~ 
' 
l!)IJIJ 
3000 
.S, 2000 
z 
0 
~ ~ 1000 
.. 
~ 
' 
3000 
! 7000 
z 
0 
3 
~ 1000 ii' 
Figure 14. 
A M 
1975 
1975 
1975 
Continued. 
57 
BLACKSMITH RECENTLY BULLDOZED 
- --0 N 0 N 0 
1976 
BLACKSMITH OLD BULLDOZED 
A M 
1976 
BLACKSMITH CONTROL 
0 N 0 A M 
1976 
nebulous. Pettit and Wallace (1975), Davies and Thompson (1976), 
Peters and Alvord (1964), Stefanich (1951), and Erickson (1966) des-
cribed changes in density and distribution of \vhitefish with season 
and/or area sampled although they did not estimate densities quanti-
tatively. 
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The whitefish populations at all sites often had an inverted popu-
lation structure with the older age groups numerically dominant 
(Appendix B, Tables 13-19). Poor availability of young-of-the-year to 
electrofishing gear was one reason for the inverted structure of the 
estimated population. Age O whitefish were not easily captured by 
electrofishing until mid-summer. Other authors (Bergersen 1973, Brovm 
1952, Goodnight and Bjornn 1971) have reported similar sampling problems 
for young whitefish elsewhere. Another reason for the inverted struc-
ture was the mobi 1 ity of whitefish within the Blacksmith Fork-Logan 
River system. The population at any particular site was not closed. 
Although the whitefish population at a particular reach often did not 
exhibit the age structure expected for a closed, self-sustaining popula-
tion, the actual population for the entire system may have had such an 
age composition. Brown (1952), Erickson (1966), Pettit and Wallace 
(1975), and Davies and Thompson (1976) have noted different spatial 
distr ibution and/or movement of stream dwelling whitefish by age or size 
group. 
Differences among sites 
The Logan stable bulldozed site exhibited the greatest variation in 
numbers of whitefish over the year (Figure 14). No whitefish were found 
in the Logan stable bulldozed site during the sampling on 10 September 
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1975. The succeeding population estimate (during spawning season) for 
that site was 3,467 fish/ha. The number of whitefish/ha for the Logan 
stable bulldozed site was approximately the same as that in the total 
bulldozed site during the fall and winter. During the summer months 
(low streamflows), however, the number of whitefish/ha was at lea st 1.5 
times greater for the total bulldozed site. 
There was virtually total emigration of whitefish from the two 
bulldozed sites on the Blacksmith Fork River also. No whitefish were 
captured during sampling in the Blacksmith recently bulldozed site on 
20 August 1976 and the population estimate for 7 October 1976 was only 
three fish/ha. The density of whitefish in the Blacksmith old bulldozed 
site on the above dates was 25 fish/ha. The Blacksmith old bulldozed 
si te consistently had higher densities of whitefish than the recently 
bulldozed site. Densities of whitefish in the Blacksmith control and 
dredged sites were always higher than estimates for the two bulldozed 
sites on the Blacksmith Fork River. 
The low numbers of whitefish during the summer, especially for the 
bulldozed reaches, may be attributed to the lack of cover (pools or deep 
runs). The differences in densities of whitefish between the Logan sta-
ble bulldozed site and the total bulldozed site and between the Black-
smith recently bulldozed and old bulldozed site are a result of the same 
phenomenon. Sigler (1951) stated that upstream movement of whitefish 
apparently ceased where pools have less than a maximum width of 16 feet 
and a maximum depth of 4 feet at low streamflow. Goodnight and Bjornn 
(1971) stated that whitefish were usually abundant in deep, fast runs. 
During the irrigation season, water depths in the bulldozed sites were 
usually less than about 0.6 m. The Blacksmith recently bulldozed site 
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was severely dewatered during 4 July through 10 July 1976 when virtually 
the total streamflow was diverted for irrigation at a point about 50 m 
upstream from that site. 
The summer distribution of whitefish which returned to the study 
sites in fall was ill defined. Deep pools (refuge areas) occurred in 
the Logan River below its confluence with the Blacksmith Fork River. 
One large pool was located above an irrigation diversion in the Black-
smith Fork River between the dredged site and the confluence with the 
Logan River . Other possible refuge areas were located intermittently 
upstream and downstream from sites in both rivers. 
The differences in population structure between the bulldozed 
reaches and other sites was also a probable consequence of the lack of 
suitable habitat, especially for very young fish and larger, older fish. 
Young-of-the-year whitefish were seldom found in substantial numbers in 
the bulldozed reaches. Although large numbers of eggs were spawned and 
incubated in these altered reaches, newly hatched fry probably drifted 
downstream to more suitable areas. As mentioned earlier, concentrations 
of young-of-the -year whitefish were observed in pools in the lower Logan 
River below the study sites in the late summer of 1974. The largest 
populations of Age O whitefish in the study sites occurred in the Black-
smith dredged and control sites. These reaches contained pools and 
backwater areas which are more suitable habitat for fingerling whitefish 
(Brown 1952, Davies and Thompson 1976, Erickson 1966, Pettit and Wallace 
1975). Ballard Springs in the Blacksmith dredged site may have served 
as a nursery area for young-of-the-year whitefish. Erickson (1966) 
stated that young whitefish evidently used a small spring-fed creek as 
a nursery area in the Snake River drainage of Wyoming. 
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Larger, older whitefish also appeared to be absent from populations 
in the bulldozed reaches. Of the 10 fish sampled during this study 
which weighed over l kg, none were captured in the bulldozed reaches of 
either river. Deep pools, therefore, may be even more critical to 
larger fish. 
The immediate, short-term effects (if any) of channel alterations 
on numbers of mountain whitefish in the altered areas were not clear. 
The density of whitefish decreased in the Blacksmith dredged site 
following both periods of dredging. This reach was first dredged 
between the sampling periods of mid-winter and late spring, a season 
when the whitefish densities in this and most other sites also decreased 
the year following dredging (1976). Densities of whitefish in the 
Blacksmith control site increased slightly from mid-winter to late 
spring in 1976. During the period of the second dredging the numbers 
of Age 0, Age I, and Age IV+ whitefish in the dredged site decreased 
(Appendix B, Table 13). Numbers of these age groups increased in both 
the Blacksmith control and dredged sites during the same season (mid-
August to October) of the following year. Few whitefish were in the 
Blacksmith recently bulldozed site before and after the alteration 
there in late summer of 1975. 
Peters and Alvord (1964) captured nearly 10 times as many whitefish 
in natural channels as in equal areas of al te red channels in 13 Montana 
streams. Barton et al. (1972) reported equal populations of whitefish 
in altered areas with stream improvement structures and recently unal-
tered areas of the Weber River, Utah but did not give details concerning 
sampling techniques or the population estimator used. Lund (1976) 
reported the highest number of whitefish in reaches of the St. Regis 
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River, Montana that had been altered. The highest density of whitefish 
in his study occurred in a channel that had been relocated in the 
January previous to the estimate in summer. 
While whitefish may be displaced for a short time during and 
following the actual alteration, they appeared to quickly repopulate 
the altered area if suitable habitat remained or was created by the 
alteration. 
Sources of error 
Point estimates of numbers of comparable age groups of whitefish 
were often quite different between sites and seasons. The wide confi-
dence intervals for the estimates, however, from low sample numbers and 
high degree of confidence used (95 percent) resulted in few statistically 
significant differences. Tables or graphs for calculating confidence 
intervals of less than 95 percent for the binomial distribution are not 
currently available. 
It was obvious from the whitefish movement that the assumption of 
negligible recruitment to the catchable population between marking and 
recapture dates (Ricker 1975) was not always met. The modified estimator 
used in such instances was based upon movement rates of tagged fish and 
the estimated ratio of tagged fish to the total population throughout 
the study area. Although the study area was sampled extensively 
throughout 1975 and 1976, only rough approximations of the above para-
meters were available for any particular site or season. Consequently, 
the reliability of the population estimates, especially during periods 
of peak movement, may be open to criticism. Other investigators have 
largely ignored the problem of possible bias from movement when 
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estimating whitefish populations (Bergersen 1973, Goodnight and Bjornn 
1971, Lund 1976, Matthews 1966). Ricker (1975) listed several methods 
to correct for recruitment during the time when recoveries are being 
made; most are concerned with recruitment due to grmvth. Although some 
bias may exist in estimated densities in this study, the adjusted 
estimates more closely approximated the actual densities than estimates 
made disregarding assumptions implicit in the estimator. 
Movements of whitefish between 100 m sections (Table 2) made esti-
mates of whitefish in the short unstable portion of the Logan total 
bulldozed site alone impractical. The population estimates for the 
Logan total bulldozed site and the Logan stable bulldozed site were not 
statistically independent since many of the same mark and recaptures 
were used in both estimates. Consequently, comparisons between the 
estimates for the two sites must be made with caution. Estimates of 
whitefish densities (number of fish per hectare) were usually higher in 
the Logan total bulldozed site than the Logan stable bulldozed site. 
Such a difference in densities implies that the unstable portion of the 
Logan total bulldozed site had a substantially higher density of white-
fish than the rest of the site (the Logan stable bulldozed site). A 
higher estimate for the total bulldozed site, however, would also occur 
if the actual density of whitefish in the unstable part was the same as 
that in the stable part but there was propor tionally more immigration 
by unmarked fish into the unstable part. Such a situation may have 
occurred during the summer, since the unstable area provided the only 
refuge area (pool) in the Logan total bulldozed site during low stream-
flows. The difference in densities of whitefish during the summer may 
have been exaggerated by the above phenomenon. The relatively short 
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interval, however, between mark and capture san1ples would have min-
imized any bias due to differential immigration into the unstable part 
of the site. 
The estimators used in this study also assumed no differential 
mortality or movement of marked and unmarked fish. Differential mor-
tality and growth of fin-clipped fish have been observed for other 
salmonids (Nichola and Cordone 1973). The general downstream movement 
of small, marked whitefish (Table 2) may have been an indication of 
stress from handling and marking. Bergersen (1973) suggested that his 
capture and tagging procedure had a limited traumatic effect on white-
fish and resulted in a downstream movement. Although some bias in 
estimates during this study may have resulted from a similar effect, any 
bias should be similar among sites and should not appreciably affect 
comparisons. 
Based upon observations in the study area after sampling, there 
were few instances of short term (within 10 days) delayed mortality 
from handling. Mortality during sampling averaged 3.4 percent. The 
long-term eff ect of sampling and marking procedures on the growth and 
mortality of whitefi sh was assumed to be negligible for comparisons of 
production estimates in the study sites. 
Biomass-Production 
General trends 
All biomass estimates were converted to estimates of standing crop 
(kg/ha) to facilitate comparisons between sites. The estimated standing 
crop of mountain whitefish in the study sites (Figure 15) followed a 
seasonal pattern similar to the populations--highest during the spawning 
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seasons and winter, then decreasing to a low point during the summer. 
Differences in the standing crop between the period of summer low 
streamflows and spawning season were often more pronounced than the 
variation in numbers because the mature fish inmigrating into sites were 
of the older, larger age groups. Differences in the standing crop of 
whitefish among sites followed the pattern of density also. 
Since the grmvth rates of fish were usually similar by site, 
season, and age group, the differences in the estimated production were 
the result of different mean biomasses during a production period. 
Headrick (1976) reported that the differences in annual production of 
brook trout in natural, recently altered, and old altered reaches were 
due to the different biomass of fish in the three areas. Although he 
reported that the annual production in a new altered reach was the 
lowest, the growth rates of the fish there were the highest for fish in 
three study sites. 
Production at most sites was high in late winter and early spring 
(Figure 16) when the estimated biomass of whitefish was high. In sites 
where some f ish remained through the sunmer (Blacksmith dredged and 
control sites and Logan total bulldozed site), production continued at 
a relatively steady rate through the summer. Although biomass estimates 
were high durin g the spawning season for all sites, negative production 
or relatively little positive production dt1ri ng this season resulted 
from an actual loss of somatic tissue and/o r weight loss due to the 
release of sexual products. Bergersen (1973) reported production 
slightly above maintenance levels during the spa'.'ming season and winter 
for whitefish in the lower Logan River. The maximum production during 
his study occurred during spring. He observed net negative production 
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Figure 16. Estimates of production (kg/ha) of mountain whitefish in 
study sites on the Logan and Blacksmith Fork Rivers, Utah, 
1975-76. Production is shown per sampling interval (bar 
graph) and as cumulative production for the period used for 
annual production (line graph). 
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during the summer months in 1970 and 1971. Goodnight and Bjornn (1971) 
estimated production of whitefish in the Lemhi River, Idaho from June 
to 15 September 1969. They reported that most production occurred 
during the first half of their sampling period and suggested that fish 
produced little tissue from 1 November to 1 April. Similar seasonal 
patterns of production occur in other salmonids with the greatest amount 
of production during the spring and summer and less production during 
the winter (Chapman 1965, Egglishaw 1970, Gosse 1978, Hunt 1966). 
The estimates of annual production of whitefish somatic tissue for 
the study sites in the Blacksmith Fork-Logan system ranged from 5.47 
kg/ha/yr (0.547 g/m2/yr) at the Blacksmith recently bulldozed site to 
58.15 kg/ha/yr (5.815 g/m2/yr) at the Logan total bulldozed site (Table 
4). 
Table 4. Estimates of annual production (kilograms/hectare/year) in the 
Logan and Blacksmith Fork Rivers, Utah, 1975-76. 
Site 1 
BOB BRB BC BD LSB LTB 
10.80 5.47 35.76 51.23 31 .85 58. 15 
1BOB = Blacksmith old bulldozed; BRB = Blacksmith recently bull-
dozed; BC= Blacksmith control; BD = Blacksmith dredged; LSB = Logan 
stable bulldozed; LTB = Logan total bulldo zed. 
Only two other estimates of annual production of mountain whitefish 
have been reported. Bergersen (1973) estimated annual production of 
somatic tissue for whitefish in the lower Logan River at 3.0779 g/m2/yr 
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and 1 .5090 g/m2/yr for reaches above 7-Mile Creek and below 7-Mile Creek, 
respectively. Bergersen considered these values to be unusually low and 
believed his study area to be marginal whitefish habitat. Goodnight and 
Bjornn (1971) estimated production of somatic tissue for whitefish in 
the Lemhi River, Idaho from 1 June to 15 September 1969. They extrapo-
lated from their production data to encompass the period 1 April to 
November and considered that estimate (7. 1 g/m2/yr) to approximate 
annual production. This figure may have differed considerably from the 
actual annual production of somatic tissue of whitefish depending upon 
the amount of production occurring in winter and early spring in the 
Lemhi River. Studies of other species of salmonids have reported annual 
production values from 0.5 g/m2/yr for brook trout in the Lemhi River, 
Idaho (Goodnight and Bjornn 1971) to 54.7 g/m2/yr for brown trout in the 
Horokiwi Stream, New Zealand (Allen 1951). Chapman (1967) summarized 
production estimates for many species in various waters. Annual produc-
tion of whitefish in the Logan and Blacksmith Fork Rivers was at the 
lower end of the range he reported for other stream-dwelling salmonids. 
Ratios of production to initial or mean biomass have been calculated 
as an index of efficiency of grmvth (Chapman 1967, Hopkins 1971, Lowry 
1966). The meaning of such an index, however, is nebulous for popula-
tions that exhibit pronounced seasonal fluctuations in biomass as a 
result of irrrnigration and emigration. 
Differences among sites 
Annual production in the two bulldozed reaches on the Blacksmith 
Fork River was less than one-third of that in the other two sites 
(dredged and control) on that river. The biomass of whitefish in the 
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two bulldozed reaches on the Blacksmith Fork River was usually low, 
especially during the summer months. The total whitefish biomass in 
the Blacksmith recently bulldozed site was estimated at less than l 
kg/ha from 14 June through 3 October 1976. The lowest biomass (0.17 
kg/ha) for the Blacksmith old bulldozed site occurred on 20 August 1976 
when young-of-the-year whitefish accounted for all the biomass. There 
was virtually no production at these two sites during the summer and 
very little contributed by fish less than two years old at any time. 
Poor production in these two sites was the result of poor habitat and 
low whitefish populations associated with low streamflows and lack of 
pools. As mentioned earlier, the Blacksmith recently bulldozed site was 
the most severely dewatered of any site during the 1976 irrigation 
season. The diffurence in production between the recently and old bull-
dozed sites on the Blacksmith Fork River occurred for the same reason--
lack of suitable habitat during low flows. The recently bulldozed site 
contained fewer pools and was generally shallower than the old bulldozed 
site. 
Differences in production between the Blacksmith dredged and control 
site were due to the higher production (more than two times) of Age O and 
Age I fish in the dredged site (Figure 17). Annual production of fish 
two years old and older v.Jas approximately the same in both sites. 
Ballard Springs was probably an important nursery and refuge area for 
whitefish in the Blacksmith dredged site and was one reason for the high-
er production there. 
The estimates of annual production of mountain whitefish in the bull-
dozed reach of the Logan River were relatively high in comparison to 
those for the Blacksmith Fork River sites. As in the Blacksmith Fork 
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River, the available habitat and age structure of the whitefish popula-
tion influenced production there. The estimated production for the 
Logan total bulldozed site was 14.4 kg/ha and 3.1 kg/ha higher than the 
Logan stable bulldozed site during the summers of 1975 and 1976, respec-
tively. The importance of a summer refuge area (pool) was evident from 
the influence of the unstable part of the total bulldozed site on pro-
duction there during the summer. Channel widening with the associated 
decrease in pools adversely affected whitefish production during periods 
of low streamflows. The resulting loss in production was a function of 
the decrease in the biomass of whitefish in such areas. 
The relationships between the alterations and whitefish production 
discussed above are also a function of the relative permanence of the 
stream morphology resulting from the perturbations. The channel at the 
Logan stable bulldozed site, for example, remained relatively stable. 
The changes at the Blacksmith dredged site, on the other hand, were 
short-lived; the channel there returned to a state similar to its pre-
alteration state following spring runoff. Presumably, the faster an 
altered are a returned to its 11natural 11 stat e , the less pronounced are 
the long-term effects of the perturbation on the whitefish population 
dynamics and production. 
The consequences of water diversions from the rivers could not be 
separated from the effects of stream alterations since both occurred 
concurrently and both affect the habitat of mountain whitefish. The 
limiting factor (suitable habitat) for whitefish production in the two 
rivers was dependent on both flow regimes and stream morphology. 
Sources of error 
Annual production was probably underestimated in sites where 
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numbers and biomass of a year class were estimated to be Oat some time 
during the production year. In such instances, production for the 
interval beginning or ending with the O population and biomass could 
not be estimated because there were no data to determine the mean bio-
mass B or the growth rate G for the period. It was assumed that produc-
tion (negative or positive) during such intervals was negligible. The 
validity of this assumption was dependent on the rate of immigration of 
the formerly absent year class or the rate of emigration/mortality of 
year classes that decreased to a O biomass during the production inter-
val. 
Annual production for young-of-the-year whitefish was also under-
estimated for sites where they were found. The production from this 
age group was not estimated before they were recruited to electrofishing 
gear . Production of young-of-the-year fish during the first several 
months after emergence has been shown to contribute substantially to 
total production for other salmonids (Egglishaw 1970, Hopkins 1970, 
Allen 1951, Chapman 1965). Bergersen (1973) used a single population 
estimate and dat a on catch per unit effort to estimate production for 
Age O whitefish in the lower Logan River. In his study , the 1970 Year 
Class (Age O in 1970 and Age I in 1971) produced 1. 1315 g/m2 and 0.9961 
g/m2 (32 and 66 percent of the total somatic tissue production) during 
the period June 1970-May 1971 in two reache s of the lov1er Logan River. 
Age O whitefish in the Lemhi River, Idaho accounted for 7.8 percent of 
the estimated total annual whitefish production there (Goodnight and 
Bjornn 1971). 
In this study, estimates for sites with the greatest number of 
young-of-the-year present prior to full recruitment (probably the 
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Blacksmith dredged and control sites) would be most affected by the 
bias described above. 
Chapman (1968) and Toetz (1967) have discussed the importance of 
accounting for gonadal products in production studies. Bergersen (1973) 
estimated whitefish gonadal at 0.8007 and 0. 1507 g/m2/yr in two areas of 
the Logan River. Goodnight and Bjornn (1971) did not estimate gonadal 
production in their study. In this study, large numbers of whitefish 
apparently spawned at all study sites. The decrease in the mean weight 
of mature age groups of whitefish due to the loss of sexual products 
resulted in an underestimate of the actual production during the 
spawning season. Data were collected on fecundity of whitefish (Appen-
dix C). However, no adjustments were made for the negative bias intro-
duced by the above phenomenon because accurate estimates of the sex 
ratios and the actual numbers of fish spawning at a given site were not 
available. Consequently, the annual production of whitefish at the 
study sites was underestimated to some degree. It was assumed that this 
negative bias did not appreciably affect comparisons between sites. 
SUMMARY AND CONCLUSIONS 
The primary objective of this study was to compare the annual 
production of whitefish in altered and unaltered areas of streams in 
their alluvial floodplains. Differences and changes in the physical 
characteristics of the streambed were analyzed in relation to the 
distribution and abundance of mountain whitefish. 
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Movements of marked fish were studied to check the validity of 
assumptions that were ma:le in estimating fish populations and production 
and to determine the role of movement in the ecology of mountain white-
fish. 
Although movement was not a universal phenomenon among marked 
whitefish, many whitefish moved extensively during all seasons. Sub-
stantial numbers of mature whitefish inmigrated into all study sites 
during the spawning season and emigrated from the sites during low 
streamflows. The summer distribution of whitefish was unclear; they 
probably occurred i n the deeper pools in reaches outside of study site 
boundaries . 
Mean weights and growth rates were similar at all sites for compar-
able year classes of whitefish by season. Whitefish generally grew 
fastest during the spring and summer. Growt h was slower during the 
spawning season and winter. The youngest age groups of whitefish 
exhibited the largest instantaneous growth rates at all sites. 
Estimated densities of whitefish ranged from 0-3,467 fish/ha and 
varied by site and season. The largest number of whitefish at all sites 
occurred during the spawning season . Low numbers of whitefish were 
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estimated during summer when streamflows were low. Bulldozed reaches 
had the greatest variation in numbers of fish over a year and had the 
lowest summer densities of whitefish because of a lack of pools and 
sufficient water depths. Populations of whitefish often demonstrated 
inverted or truncated age structure with the very young and older fish 
absent from populations in the bulldozed reaches. The Blacksmith 
dredged and control sites, with pool and backwater areas, had most Age 
0 whitefish. Young-of-the-year whitefish in the Blacksmith dredged 
site probably used Ballard Springs as a nursery area. 
Biomass of whitefish at the study sites followed a pattern similar 
to population numbers. Most production of whitefish occurred during the 
spring and summer in the sites where some whitefish remained during the 
summer. The differences in whitefish production in the different study 
sites was a function of the biomass and the age composition of the popu-
lation since growth rates were similar for all sites. The Logan total 
bulldozed site had the highest annual production of whitefish (51.85 kg/ 
ha/yr) with almost double the production of the Logan stable bulldozed 
site (31.85 kg/ha/yr). The highest annual production in the Blacksmith 
Fork River occurred in the Blacksmith dredged site (51.23 kg/ha/yr), 
partly as a result of relatively large numbers of young fish there. 
Annual production of whitefish in the Blacksmith recently and old bull-
dozed sites was low (5.47 kg/ha/yr and 10.08 kg/ha/yr, respectively) 
principally because of the lack of suitable habitat, especially during 
the summer. 
The immediate, short-term effects of channel alteration on move-
ment, growth and production of whitefish were unclear. Whitefish 
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quickly repopulated altered areas if suitable habitat remained or was 
created and apparently grew as well as in natural areas. 
This study demonstrated the necessity of obtaining frequent esti-
mates of biomass and mean weights of fish during production studies. 
In situations where standing crops and growth rates of fish vary sub-
stantially over a year, estimates of annual production based on one or 
two samples will yield only a "gross estimate" of the actual value; 
estimates at monthly intervals or more often may be necessary (Chapman 
1968). 
The pronounced seasonal variation in biomass estimates of whitefish 
during this study also illustrated the pitfalls inherent in using single 
estimates of standing crop to evaluate perturbations or compare popula-
tions in a dynamic system. One could have reached varied and contradic-
tory conclusions based upon single point estimates of whitefish biomass, 
depending upon the time of sampling. 
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IMPLICATIONS TO MANAGEMENT 
Management of the mountain whitefish in the western United States 
has ranged from population manipulation in an attempt to reduce 
"competition" between whitefish and more desirable gamefish (Erickson 
1966, Rawson and Elsey 1950) to interest in stocking whitefish to im-
prove sportfishing (Feast 1938). In waters where mountain whitefish and 
other salmonids occur together, food habit studies usually indicate an 
overlap in the forage organisms used by the two subfamilies (Erickson 
1966, Kimball 1972, Meyers 1972, Laakso 1950, Rawson and Elsey 1950, 
Sigler 1951 and 1952). Based upon such findings, some authors (Baxter 
and Simon 1970, Goodnight and Bjornn 1971, McAfee 1966, Sigler and 
Miller 1963) have hypothesized that competition occurs between whitefish 
and trout. However, any negative interaction between whitefish and 
sympatrically occurring salmonids has yet to be verified. Overlap of a 
s ingle dimension (food) in the niches of two organisms is weak evidence 
for competition between the two. As Larkin (1956) points out, individ-
uals of two populations of fish may utilize the same food, but it is by 
no means sure that there is any competition between populations for a 
limited food supply. Hynes (1972) also discusses inferences that have 
been made from food habit studies of fishes and notes that opposing 
conclusions concerning competition can be drawn from the same data. 
During this study, whitefish and brown trout were often segregated 
spatially. The mountain whitefish occurred in midstream and in deep 
pools; and the brown trout were found most often in reaches with under-
cut banks and bank vegetation (cover). The difference in types of 
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habitat utilized by the two species was well illustrated by sampling in 
the bulldozed reach of the Logan River. Most age groups of whitefish 
were abundant in this area when streamflows were adequate. Brown trout, 
however, were rarely found at that site. The advantage of a mixed 
species composition of gamefish in the Blacksmith Fork-Logan River 
System and similar systems is clearly evident. Total gamefish produc-
tion is probably substantially higher with a mixed species composition. 
Channel straightening and widening, with the resulting loss of 
pools, adversely affect whitefish populations during low streamflow peri-
ods. These alterations especially reduce habitat for the youngest age 
group and the larger, older individuals. Whitefish populations in dredged 
reaches are not as severely affected, since pools remain or are created. 
A number of deep pools or glides should be retained in any altered 
reach to minimize the detrimental effects of the alteration. Some 
shallower areas with low water velocities should also remain for nursery 
areas for young fish. In addition, channel design should insure that 
t he above esse nt ial habitat be of a permanent nature. 
It i s evi dent from this study that many channel alterations often 
do not achieve th e ir proposed end, notwithstanding t he detrimental 
effe cts on th e assoc iated aquatic resources. Adequate planning and 
imple1110nta t ion ar e required to effectively achieve the primary objective 
of any channe l modi fi cation as we 11 as to r1 ~ n imi ze the adverse effects. 
Such planning necessitates a multidisciplinary approach, with input from 
engin eers, hydrologists, geologist s , and biologists. As the demands on 
our limited aquatic resources increase, it is vital that we use all the 
currently available knowledge and technology in any decision making 
process or implementation thereof. 
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Table 5. Dates of population estimates for mountain whitefish in the 
Logan and Blacksmith Fork River, 1975-76. 
Site 
Logan Blacksmith Blacksmith Blacksmith Logan 
bull dozed dredged contra l bulldozed control 
15 f'-1ar 75 16 Feb 75 5 Oct 75 11 Aug 75 9 Oct 75 
31 July 75 16 June 75 6 Dec 75 4 Oct 75 :) Feb 76 
10 Sept 75 12 Aug 75 24 Feb 76 4 Dec 75 
15 r;ov 75 25 Sept 75 28 Mar 76 19 Feb 76 
17 Jan 76 13 Nov 75 25 Jun 76 31 r1ar 76 
4 Apr 76 15 Jan 76 19 Aug 76 14 Jun 76 
9 July 76 8 June 76 9 Oct 76 20 Aug 76 
18 Aug 76 23 Nov 76 7 Oct 76 
5 Oct 76 24 Nov 76 
24 Nov 76 
90 
Table 6. Dates of special collections for mountain whitefish in the 
Logan and Glacksmith Fork River. 1975-76. 
Date Data collected Length of reach sampled 
8, 17 Feb 75 
15 Feb 75; l, 2 Mar 75 
9, 21 Mar 75 
22 Mar 75 
5 Apr 75 
16, 18 July 75 
21 July 75 
22, 23 July 75 
20 Aug 75 
26 Aug 75 
27 Aug 75 
11 Sept 75 
25 Aug 76 
27 Aug 76 
P = Population estimate 
M = Movement 
G = Growth 
F = Fecundity 
(meters) 
400 P, M, G 
700 p' M, G 
300 P, M, G 
100 M 
300 M 
800 M 
400 G, M 
700 M 
700 M 
500 M 
600 M 
700 M 
200 M 
1600 M 
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Tab 1 e 7. Daily instantaneous growth rates for mountain whitefish for the dredged site in the Blacksmith 
Fork River, Utah, 1975-76. 
Interval Length of Year Class 
interval in days 1976 1975 1974 1973 1972a 1971+ 
2-16-75 to 4-19-75 62 -- -- 0.004327 -0 .000114 -0.000374 0.001331 
4-19-75 to 6-16-75 58 -- -- 0.005212 0.002605 0.001021 0.000917 
6-16-75 to 7-21-75 35 -- -- 0.012801 0.000000 0.000749 0.001231 
7-21-75 to 8-12-75 22 -- -- 0.005354 0.002165 0.002478 0.002478b 
8-12-75 to 9-25-75 44 -- 0.010444 0.003140 -0.002959 0.003517 0.003517b 
9-25-75 to 11-13-75 49 -- -0.003507 -0.000897 0.004689 -0.002262 -0.002262b 
11-13-75 to 1-15-7 6 63 -- 0.001870 0.002008 -0.000947 0.000738 
1-15-76 to 3-30-76 75 -- 0.007672 0.002843 0.003168 0.002337 
3-30-76 to 6-08-76 70 -- 0.007475 0.002218 0.001718 0.001230 
6-08-76 to 8-18-76 71 0.026410 0.007504 0.001723 -0.000619 -0.000619b 
8-18-76 to 10-05-76 48 0.004925 0.000225 0.001463 0.003077 0 .003077b 
10-05-76 to 11-24-76 50 0.000000 0.001250 -0.000807 -0.000863 -0.003839 
al972+ after 11-13-75. 
bGrovJth rate of Age III fish used for Age IV and older fish. 
\.0 
w 
Table 8. Daily instantaneous growth rates for mountain whitefish for the recently bulldozed site in the 
Blacksmith Fork River, Utah, 1975-76. 
Interval Length of 
interval in days 
8-11-75 to 10-04-75 44 
10-04-75 to 12-04-75 61 
12-04-75 to 2-19-76 77 
2-19-76 to 6-14-76 116 
6-14- 76 to 8-20-76 67 
8-20-76 to 10-07-76 48 
10-07-76 to 11-24-76 47 
al972+ after 12-04-75. 
1976 
Year Class 
1975 1974 1973 1972a 
0.003001 -- 0.003466 
0.003624 0.007157 -0.001348 
0.000928 0.001422 0.000000 0.000361 
0.000908 0.000360 
0 .001072 
1971+ 
<..O 
~ 
Table 9. Daily instantaneous growth rates for mountain whitefish for the old bulldozed site in the 
Blacksmith Fork River. Utah, 1975-76. 
In terva 1 Length of Year Class 
interval in days 1976 1975 1974 1973 · · 1972a 1971 + 
10-04-75 to 12-04-75 61 -- -- 0.003624 0.007157 -0.001348 -0.000625 
12-04-75 to 2-19-76 77 -- -- 0.001422 0.000000 0.000859 
2-19-76 to 6-14-76 116 -- -- 0.000908 0.000589 0.000360 
6-14-76 to 8-20-76 67 0.019464 
8-20-76 to 10-07-76 48 
10-07-76 to 11-24-76 47 -- -- -0.000679 0.001072 0.001072b 
al972+ after 12-04-75. 
bGrowth rate of Age III fish used for Age IV and older fish. 
\.!) 
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Tab 1 e 10. Daily instantaneous growth rates for mountain whitefish for the control site in the Blacksmith 
Fork River, Utah, 1975-76. 
Interval Length of Year Class 
i nterva 1 "in days 1976 1975 1974 1973 1972a 1971+ 
10-05-75 to 12-06-75 62 -- 0.001699 0.004640 0.003292 -0.000553 -0.000383 
12-06-75 to 2-24-76 80 -- 0.001191 -0 .000112 0.000807 0.002924 
2-24-76 to 3-28-76 33 -- 0.007308 0.003841 0.002649 0.003174 
3-28-76 to 6-25-76 89 -- 0.008375 0.001184 0.001263 0.000750 
6-25-76 to 8-19-76 55 0.023145 0.009040 0.001851 -0.000216 0.002580 
8-19-76 to 10-09-76 51 0.012585 0.00i177 0.002380 0.002696 0.002696b 
10-09-76 to 11-23-76 45 -0.001201 -0.001797 0.000993 -0. 002531 -0.00253lb 
al972+ after 12-06-75. 
bGrowth rate for Age III fish used for Age IV and older fish. 
\.l) 
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Table 11. Daily instantaneous grow~n ra tes for mountain whitefish for stable bulldozed site in the 
Logan River, Utah, 1975-76. 
Interva 1 Length of 
in te rv a 1 i n days 
3-15-75 to 4-20-75 36 
4-20-75 to 7-31-75 102 
7-31-75 to 9-10-75 41 
9-10-75 to 11-15-75 66 
11-15-75 to 1-17-76 63 
1-17-76 to 4-04-76 78 
4-04-76 to 7-09-76 96 
al972+ after 11-15-75. 
1976 1975 
Year Class 
1974 1973 1972a 1971+ 
0.003573 0.001661 0.001228 
0.001365 0.000958 0.000982 
0.002768 0.000899 -0.000100 
0.000204 0.001339 0.000858 
0.002142 0.000867 0.001509 
<.O 
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Table 12. Daily instantaneous growt h rates for mountain whitefish for the total bulldozed site in the 
Logan River, Utah, 1975-76. 
Interval Length of Year Class 
interval in days 1976 1975 1974 1973 1972a 1971+ 
3-15-75 to 4-20-75 36 -- -- -- 0.003573 0.001661 0.001228 
4-20-75 to 7-31-75 102 -- -- -- 0.001365 0.000958 0.000982 
7-31-75 to 9-10-75 41 -- -- 0.002096 0.000483 0.000197 -0.001223 
9-10-75 to 11-15-75 66 -- -- 0 .003202 0.000148 0 .001114 0.000385 
11-15- 75 to 1-17-76 63 -- -- 0.002768 0.000899 -0.000050 
1-17-76 to 4-04- 76 78 -- -- 0.000204 0.001339 0.000858 
4-04-76 to 7-09-76 96 -- 0.004146 0.002142 0.000867 0.001509 
al972+ after 11-15-75. 
<.D 
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Table 13. Population estimates of mountain whitef ish as the number of fish per hectare for the dredged 
site on the Blacksmith Fork River, Utah, 1975-76. Actual estimates and 95 percent confidence 
limits are given in parentheses. 
Date Year Class Total 
1976 1975 1974 1973 1972a 1971+ 
2-16-75 -- ob 388 75 162c 142c 767 
( 139; 35-2856) (27;6-570) (58;--) (51;--) 
d 0 220 75 100 98 493 4-19- 75 --
-- --
6-16-75 -- ob 131 75 64 67c 337 
(47;12-888) (27; 10-31) (23;10-131) (22;--) 
d 0 179 45 33 95 352 7-21-75 --
-- -- --
8-12-75 -- 544 215 33 22 120c 934 
(195;56-1124) (77;50-138) (12;10-31) (8;5-22) (43;--) 
9-25-75 -- 402 92c 61 56 31 642 
(144;48-513) (33;--) (22;10-71) (20;14-40) (11;9-19) 
11-13-75 -- 656 8 477 463 165 1769 
(235;58-4322) (3;0-76) (171;88-444) (166;70-594) (59;21-325) 
1-15-76 ob 569 248 259c 109c -- 1186 
(204;110-512) ( 89 ; 46-211 ) (93;--) (39;--) 
d 0 299 167 75 50 591 3-30- 76 --
\.0 
\.0 
Table 13. Continued. 
Date Year Class 
1976 1975 1974 
6-08-76 254 165 l 03c 
(91 ;35-323) (59;30-162) (37; - -) 
8-18- 76 597 106 47 
(214;101-610) (38;25-69) (17;11-43) 
10-05-76 840c 262c 148 
( 30 l ; - - ) (94;--) (53;107-904) 
11-24-76 871c 299 703 
(312;--) (107;45-366) (252;107-904) 
al972+ after 11-13-75. 
bNo fish captured during mark or recapture sample. 
cAdjusted for fish movement. 
1973 
25 
(9;3-176) 
20 
(7;3-20) 
42 
(15;43-666) 
338 
(121 ;43-666) 
1972a 
25 
(9;4-199) 
47 
(17;3-332) 
70 
(25;22-269) 
140 
(50;22-269) 
dEstimates based population estimates made on previous and succeeding dates. 
1971+ 
--
--
--
--
Total 
572 
817 
1362 
2351 
__, 
0 
0 
Table 14. Population estimates of mountain whitefish as the number of fish per hectare for the recently 
bulldozed site in the Blacksmith Fork River, Utah, 1975-76. Actual estimates and 95 percent 
confidence limits are given in parentheses. 
Date Year Class Total 
1976 1975 1974 1973 1972a 1971+ 
8-11-75 -- 3 11 ob 5 ob 19 ( l ±0) (4±0) -- (2;--) 
10-04-75 -- ob 3 8 5 ob 16 
(le;--) ( 3;0-58) (2;1-14) 
12-04-75 -- 3 8 
~9 116d 82d 278 ('IC; -- ) (3c;--) (25 ;--) (44;--) (31;--) 
2-19-76 ob 19 61 159 111 -- 350 
(7;3-159) (23;7-461) (60;39-113) (42;25-106) 
6-14-76 16 ob 24 ob 3 -- 43 
(6;0-142) -- (9;3-175) -- (1;0-39) 
8-20-76 ob ob ob ob ob -- 0 
-- -- -- -- --
10-07-76 ob ob ob 3 ob -- 3 
(le;--) 
11-24-76 5 ob 34 40 34 -- 113 
(2;0-58) -- (13;6-280) (15;3-332) (13;5-75) 
al972+ after 12-04-75. 
bNo fish captured during mark or recapture sample. 
cNo confidence limits calculated due to insufficient number of recaptures. 
0 
dAdjusted for fish movement. 
Table 15. Population estimates of mountain whitefish as the number of fish per hectare for the old 
bulldozed site in the Blacksmith Fork River, Utah, 1975-76. Actual estimates and 95 percent 
confidence limits are given in parentheses. 
Date Year Class Total 
1976 1975 1974 1973 1972a 1971+ 
10-04-75 -- 31 9 37 12 16 105 
(10;4-199) (3c;--} (12;4-234) (4C;--) (5;2-119) 
12-04-75 -- ob 6 106d 140d 72d 324 (2c;--) (33;--) (44;--) (22;--) 
2-19-76 ob ob 47 206 234 -- 487 
( 15; 4-307) (66;17-1221) (75;57-117) 
6-14-76 3 16 31 9 3 -- 62 
(le;--) (5;4-14) ( 10; 8-25) ( 3; 1-79) (le;--) 
8-20-76 25 ob ob ob ob -- 25 
(8;3-176) 
10-07-76 ob ob 16 6 3 -- 25 
(5;3-29) (2;0-58) (l;0-39) 
11-24-76 3 ob 75 165 121d -- 364 
(1;0-39) -- (24;13-66) (53;21-202) ( 39; - - ) 
al972+ after 12-04-75. 
bNo fish capture during mark or recapture sample. 
CNo confidence limits calculated due to insufficient number of recaptures. 
dAdjusted for fish movement. 
-J 
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Table 16. PQpulation estimates of mountain whitefish as the number of fish per hectare for the control 
site in the Blacksmith Fork River, Utah, 1975-76. Actual estimates and 95 percent confidence 
limits are given in parenthe ses. 
Date Year Class Total 
1976 1975 1974 1973 1972a 1971+ 
10-05-75 -- 93 21 39 33 58 244 
(48;25-132) (11;4-234) ( 20; 7-411) ( 17; 12-30) ( 30; 18-59) 
12-06-75 -- 114 107 188 85 33b 577 
(59;40-295) (55;16-1099) (97;53-234) (44;30-90) (43;--) 
2-04-76 oc 120b 291b 200b 196b -- 807 
(62;--) (150;--) (103;--) (101;--) 
3-28-76 oc 37b 163b 39b 124b -- 413 
(19;--) (84;--) (46;--) (64;--) 
6-25-76 25 171 b 188 25 47b -- 456 (13;3-285) (88;--) (97;26-1777) ( 13; 7-46) (24;--) 
8-19-76 17 16 14 10 33 -- 89 (9;4-1 9~) (8;4-18) (7;2-21) (5;4-11) ( 17; 8-48) 
10-09-76 1165 93 91b 12 79b 
-- 1440 (601;164-2800) (48;27-114) (47;--) (6;3-22) (41;--) 
11-23- 76 609 45 368 246b 213b 
-- 1481 (316;166-766) (23;12-80) ( 190; 113-399) (127;--) (110;--) 
al972+ after 12-06-75. 
bAdjusted for fish movement. 
cNo fish captured during mark or recapture sample. 
0 
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Table 17. Population esti mates of mountain whitefish as the number of fish per hectare for the stable 
bulldozed site in the Logan River, Utah, 1975-76. Actual estimates and 95 percent confidence 
limits are given in parentheses. 
Date Year Ciass Total 
1976 1975 1974 1973 1972a 1971+ 
3-15-75 -- ob ob 52 421 312 785 
(25;13-77) (201; 166-264) (149;131-189) 
C 0 0 50 222 144 416 4-20-75 --
-- -- -- -- -- --
7-31-75 -- ob 397 48 36 17 498 
(190;68-1038) (23;10-126) (17;11-88) (8;8-40) 
9-10- 75 -- ob ob ob ob ob 0 
- -- -- -- --
11-15-75 -- ob 157 1749 946 615 3467 
(75;39-175) (836;687-1023) (452;390-546) (294;237-378) 
1-17-76 ob ab 44 464 542 -- 1050 
(21;18-292) ( 2 2 2 ; 1 72 - 3 36 ) ( 259; 182-421) 
4-04- 76 ob ob 107 174 322 -- 603 
(51;18-282) (83;43-196) (154;60-828) 
7-09-76 1128 190 50 4 ob -- 1372 
(539d;--) (91;34-1764) (24d;--) (2d;--) 
a1972+ after 11-15-75. 
bNo fish captured during mark or recapture sample. 
cEstimates based on previous (3-15-75) and succeeding (7-31-75) population estimates. 
dNo confidence limits calculated due to insufficient number of recaptures. 0 
...,, 
Table 18. Population estimates of mountain whitefish as the number of fish per hectare for the total 
bulldozed site in the Logan River, Utah, 1975-76. Actual estimates and 95 percent confidence 
li mits are given in parentheses . 
Date Year Class 
1976 1975 1974 1973 1972a 1971+ 
3-15-75 -- ob ob 44 445 318 
(26;16-55) (266;219-321) (190;172-222) 
4-20-75c -- 0 0 54 402 223 
-- -- --
7-31-75 -- 2 310 99 298 82 
(l;0-39) (185;79-658) (59;21-332) (178;61-999) ( 49; 28-117) 
9-10-75 -- ob 45 60 37 8 
(27;9-151) (36; 13-194) (22; 11-59) (5;1-117) 
11-15-75 -- ob 161 1650 921 587 
(96;52-226) (986;850-1174) (550;475-650) (351;283-445) 
1-17-76 ob ob 
(27(--) 
435 370 --
(260; 197-382) (221;173-329) 
4-04-76 ob 2 186 238 166 --
(l;0-39) (111;46-399) (142;75-343) (99;55-228) 
7-09-76 1 §20 574 604 109 79 --(729 ;--) (343; 113-1894) (361; 197-790) (65;17-1221) (47;12-888) 
al972+ after 11-15-75. 
bNo fish captured during mark or recapture sample. 
cEstimates based on previous (3-15-75) and succeeding (7-31-75) population estimates. 
dNo confidence limits calculated due to insufficient number of recaptures. 
Total 
807 
677 
791 
150 
3319 
842 
592 
2586 
0 
<.Jl 
Table 19. Population estimates of mountain whitefish as the number of fish per hectare for the control 
site in the Logan River, Utah, 1975-76. Actual estimates and 95 percent confidence limits are 
given in parentheses. 
Date Year Class Tota 1 
1976 1975 1974 1973 1972 1971+ 
10-09-75 -- oa 478 795 616 104 1993 
( 1 5 2 ; 7 3-42 3) (253;200-384) (196;160-251) (33;20-82) 
2-05-76 oa 16 229 647 371 63 1326 (5b;--) (73;47-132) (209;173-265) (119;87-193) (20;15-43) 
aNo fish captured during mark or recapture sample. 
bNo confidence intervals calculated due to insufficient number of recaptures. 
_, 
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Table 20. Standing crop estimates (kg/ha) of mountain whitefish for the dredged site in the Blacksmith 
Fork River, Utah, 1975-76. 
Date Year Class Total 
1976 1975 1974 1973 1972a 1971+ 
2-16-75 -- 0.00 10.08 10.70 35.28 47.95 104.02 
4-19-75 -- 0.00 7.49 10.62 21.40 35.74 75.25 
6-16-75 -- 0.00 6.03 12.35 14.50 25.85 58.74 
7-21-75 -- 0.00 12.86 7.32 7. 77 38.23 66. 18 
8-12-75 -- 6.53 17.40 5.76 5.47 42.00 77 .15 
9-25-75 -- 7.63 8.56 9.27 15 .96 17.37 58.80 
11-13-75 -- l O. 49 0.75 90.65 118.57 65.85 286. 31 
1-15-76 0.00 10.25 25.08 46.45 33.52 -- 115. 29 
3-30-76 0.00 9.55 20. 93 17. 10 18.43 -- 66.01 
6-08-76 0.58 8.89 15.01 6.43 10.04 -- 41 .02 
8-18-76 8.96 9.75 7.83 4.79 16.36 -- 47.69 
10-05-76 15.96 24. 39 26. 17 11. 89 33.55 -- 111 . 96 
11-2.4-76 16.54 29.56 119. 53 91 .83 55.39 -- 312.84 
_, 
al972+ after 11-13-75. 
0 
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Table 21. Standing crop estimates (kg/ha) of mountain whitefish for the recently bulldozed site in the 
Blacksmith Fork River, Utah, 1975-76. 
Date Year Class Total 
1976 1975 1974 1973 1972a 1971+ 
8-11-75 -- 0.00 0.90 0.00 1. 38 0.00 2. 31 
10-04-75 -- 0.00 0.26 1.09 1. 61 0.00 2.95 
12-04-75 -- 0.07 0.96 14. 59 32.62 29 .55 77. 79 
2-19-76 0.00 0.54 8.22 33.68 36 .47 -- 78.91 
6- 14-76 0.03 0.00 3.57 0.00 0.91 -- 4.51 
8-20-76 0.00 0.00 0.00 0.00 0.00 -- 0.00 
10-07-76 0.00 0.00 0.00 0. 72 0.00 -- 0. 72 
11-24-76 0.09 0.00 7.43 11. 32 13. 42 -- 32.27 
a1972+ after 12-04-75. 
0 
00 
Table 22. Standing crop estimates (kg/ha) of mountain whitefish for the old bulldozed site in the 
Blacksmith Fork River, Utah, 1975-76. 
Date Year Class Total 
1976 1975 1974 1973 1972a 1971 + 
10-04-75 -- 0.65 0.91 5. 12 3.78 5.83 16.30 
12-04-75 -- 0.00 0.75 22.45 39.25 25. 79 88.26 
2-i9-76 0.00 0.00 6. 31 43.59 76.64 -- 126.53 
6-14-76 0.01 0.93 4.67 2.04 0.68 -- 8.33 
8-20-76 0. 17 0.00 0.00 0.00 0.00 -- 0. 17 
10-07-76 0.00 0.00 3.47 1.69 0.96 -- 6 .12 
11-24-76 0.05 0.00 16. 15 47.06 47.38 -- 110. 64 
al972+ after 12-04-75. 
0 
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Table 23. Standing crop estimates (kg/ha) of mountain whitefish for the control site on the Blacksmith 
Fork River, Utah, 1975-76. 
Date Year Class Total 
1976 1975 1974 1973 1972a 1971 + 
10-05-75 -- 1. 67 1. 79 6. 16 8.80 27.27 45.69 
12-06-75 -- 2.29 11.94 36.66 22.00 38 .17 111 . 05 
2-24-76 0.00 2.64 32.27 41 .52 63 .81 -- 140.24 
3-28-76 0.00 l. 03 20. 51 20.24 44.90 -- 86.68 
6-25-76 0.07 10.06 26.32 6.40 18.00 -- 60.85 
8-19-76 0. 17 1.50 2. 10 2.43 14. 69 -- 20.91 
10-09-76 22. 13 9.58 15.94 3.35 44.58 -- 95.58 
11-23-76 10.95 4.23 67.38 63.25 88.04 -- 233.87 
al972+ after 12-06-75. 
0 
Table 24. Standing crop estimates (kg/ha) of mountain whitefish for the stable bulldozed site in the 
Logan River, Utah, 1975-76. 
Date Year Class Total 
1976 1975 1974 1973 1972a 1971 + 
3-15-75 -- 0.00 0.00 8.00 88.73 110. 35 207. 08 
4-20-75 -- 0.00 0.00 8.74 49.67 53. 41 111. 82 
7-31-75 -- 0.00 31 .00 9.62 8.78 6.85 56.26 
9-10-75 -- 0.00 0.00 0.00 0.00 0.00 0.00 
11-15-75 -- 0.00 16.47 360.28 253.42 245.41 875.59 
1-17-76 0.00 0.00 5.49 101.25 175.31 -- 279.04 
4-04-76 0.00 0.00 13.55 42.02 109. 54 -- 165. 11 
7-09-76 5.64 12.76 7.83 l. 10 0.00 -- 27.33 
-
a 1972+ after 11-15-75. 
Table 25. Standing crop estimates (kg/ha) of mountain whitefish for the total bulldozed site in the 
Logan River, Utah, 1975-76. 
Date Year Class Total 
1976 1975 1974 1973 1972a 1971+ 
3-15-75 -- 0 .00 0.00 6.66 93.93 112.57 213.16 
4-20-75 -- 0.00 0.00 9.32 89 .97 82.36 181.65 
7-31-75 -- 0.02 24. 15 19.75 73.58 33.54 151 . 04 
9-10-75 -- 0.00 3.84 12.29 9. 17 3.26 28.56 
11-15-75 -- 0.00 16.87 339.94 246.69 234.39 837.90 
1-17-76 0.00 0.00 4.60 94.86 117. 62 -- 217.08 
4-04-76 0.00 0.08 23.60 57.51 56.33 -- 137.52 
7-09-76 6 .10 38.46 94.25 28.61 30.91 -- 198.34 
al972+ after 11-15-75. 
_, 
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Table 26. Standing crop estimates (kg/ha) of mountain whitefish for the control site in the Logan 
River, Utah, 1975-76. 
Date 
10-09-75 
2-05-76 
1976 
0.00 
al972+ after 10-09-75. 
1975 
0.00 
0. 31 
Year Class 
1974 1973 
41 .56 
26.61 
143.12 
139. 19 
1972a 
161.38 
99.38 
1971+ 
43.97 
28.22 
Total 
390. 03 
293. 72 
w 
Table 27. Production of mountain :.:,. itefi sh in kg/ha for the dredged site on the B 1 acksmith Fork River, 
Utah, 1975-76. Period used for annual production estimate is shown by dashed lines. 
In terva 1 Year Class Total 
1976 1975 1974 1973 1972a 1971+ 
2-16-75 to 4-19-75 -- 0.00 2.34 -0.08 -0.64 3.43 5.05 
4-19-75 to 6-16-75 -- 0.00 2.04 1. 73 1.05 1.62 6.44 
6-16-75 to 7-21-75 -- 0.00 4.04 0.00 0.28 1. 36 5.69 
7-21-75 to 8-12-75 -- 0.00 1. 77 0. 31 0.36 2. 19 4.62 
8-12-75 to 9-25-75 -- 3.25 1. 72 -0.96 1.52 4.32 9.84 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
9-25-75 to 11-13-75 -- -1. 54 -0. 14 8.20 -5.67 -4.03 -3. 19 
11-13-75 to 1-15-76 0.00 1. 22 0.88 -3.94 4. 16 -- 2. 31 
1-15-76 to 3-30- 76 0 .00 · 5.69 4.89 6.98 4.42 -- 21.98 
3-30-76 to 6-08-76 0.00 4.82 2. 77 1. 31 1. 19 -- 10 .09 
6-08-76 to 8-18-76 5.75 4.96 1. 35 -0.24 -0.57 -- 11. 25 
8-18-76 to 10-05-76 2.87 0 .17 1.07 1. 15 3. 54 -- 8.79 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
10-05-76 to 11-24-76 0.00 1.68 -2.48 -1. 69 -8.36 0.00 -10.85 
al972+ after 11-13-75. 
...... 
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Table 28. Production of mountain whitefish in kg/ha for the recently bulldozed site in the Blacksmith 
Fork River, Utah, 1975-76. Period used for annual production estimate is shown by dashed 
lines. 
In terva 1 Year Class Total 
1976 1975 1974 1973 1972a 1971+ 
8-11-75 to 10-04-75 -- 0.00 0.06 0.00 0.23 0.00 0.30 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
10-04-75 to 12-04-75 -- 0.00 0. 12 2.27 -0.85 0.00 1. 54 
12-04-75 to 2-19-76 0.00 0.02 0.37 0.00 2.56 -- 2.94 
2-19-76 to 6-14-76 0.00 0.00 0.59 0.00 0.40 -- 0.99 
6-14-76 to 8-20-76 0.00 0.00 0.00 0.00 0.00 -- 0.00 
8-20-76 to 10-07-76 0.00 0.00 0.00 0.00 0.00 -- 0.00 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
10-07-76 to 11-24-76 0.00 0.00 0.00 0. 19 0.00 -- 0 .19 
al972+ after 12-04-75. 
u, 
Table 29 . Production of mountain whitefish in kg/ha for the old bulldozed site in the Blacksmit h Fork 
River, Utah, 1975-76. Per i od used for annual production estimate is shown by dashed line s . 
It~ te rva 1 Year Class Tot~i 
1976 1975 1974 1973 1972d 1971+ 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
10-04-75 to 12-04-75 -- 0.00 0 .18 5. 12 -1. 25 -0.51 3.54 
12-04-75 to 2-19-76 0.00 0.00 0.29 0.00 4.60 -- 4.89 
2-19-76 to 6-14-76 0.00 0.00 0.57 0. 93 0.73 -- 2.23 
6-14- 76 to 8-20-76 0.07 0.00 0.00 0.00 0.00 -- 0.07 
8-20-76 to 10-07-76 0.07 0.00 0.00 0.00 0.00 -- 0.07 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
10-07-76 to 11-24-76 0.00 0.00 -0.26 0.68 0.60 -- 1.02 
a 1972+ after 12-04-75. 
O') 
Table 30. Production of mountain whitefish in kg/ha for the control site in the Blacksmith Fork River, 
Utah, 1975-76. Period used for annual production is shown by dashed lines. 
Interval Year Class Total 
1976 1975 1974 1973 1972a 1971+ 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
10-05-75 to 12-06-75 -- 0.21 1.54 3.49 -0. 49 -0. 77 3.97 
12-06-75 to 2-24-76 0.00 0.23 -0. 18 2.52 -3.20 -- -2.57 
2-24-76 to 3-28- 76 0.00 0. 41 3.29 2.59 5.64 -- 11. 92 
3-28-76 to 6-25-76 0.00 2.95 2.45 l. 35 l.97 -- 8. 72 
6-25-76 to 8-19-76 0. 15 2.24 0.98 -0.05 2. 31 -- 5.62 
8-19-76 to 10-09-76 2.91 0.26 0.83 0.39 3.70 -- 8. l 0 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
10-09-76 to 11-23-76 -0 .86 -0.53 l. 59 -2.32 -7.27 -- -9.39 
al972+ after 12-06-75. 
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Table 31. Production of mountain whitefish in kg/ha for the stable bulldozed site in the Logan River, 
Utah, 1975-76. Period used for annual production estimate is shovm by dashed lines. 
Interva 1 Year Class Total 
1976 1975 1974 1973 1972a 1971+ 
3-15-75 to 4-20-75 -- 0.00 0.00 1.08 4.03 3.47 8.57 
4-20-75 to 7-31-75 -- 0.00 0.00 1. 28 2. 31 2.27 5.86 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
7-31-75 to 9-10-75 -- 0.00 0.00 0.00 0.00 0.00 0.00 
9-10-75 to 11-15-75 -- 0.00 0.00 0.00 0.00 0.00 0.00 
11-15-75 to 1-17-76 0.00 0.00 l. 74 11. 55 -0.96 -- 12.33 
1-17-76 to 4-04-76 0.00 0.00 0. 14 7.03 9.27 -- 16.44 
4-04-76 to 7-09-76 0.00 0.00 2. 15 0.93 0.00 -- 3.08 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
al972+ after 11-15-75. 
00 
Table 32. Production of mountain whitefish in kg/ha for the total bulldozed site in the Logan River, 
Utah, 1975-76. Period used for annual production estimate is shown by dashed lines. 
Interval Year Class Total 
1976 1975 1974 1973 1972a 1971+ 
3-15-75 to 4-20-75 -- 0.00 0.00 1.02 5.50 4.27 10.78 
4-20-75 to 7-31-75 -- 0.00 0.00 l. 93 8.00 5.45 15.34 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
7-31-75 to 9- 10-75 -- 0.00 0.95 0. 31 0.25 -0.65 0.87 
9-10-75 to 11-15-75 -- 0.00 1.86 0.96 5. 31 1. 37 9.50 
11-15-75 to 1-17-76 0.00 0.00 l.65 10.87 -0. 81 -- 11 . 71 
1-17-76 to 4-04-76 0.00 0.00 0 .18 7.80 5.57 -- 13.55 
4-04-76 to 7-09-76 0.00 2.45 10 .49 3.44 6. 14 -- 22.52 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
al972+ after 11-15-75. 
....J 
....J 
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Appendix C 
Fecundity of Mountain Whitefish 
A linear regression was calculated for relative fecundity or the 
number of eggs (Y) on weight (W) of fish in grams: Y = 888 + l3.05W 
(r=0.89; n=33). The regression for wet weight of ovaries (V) on fish 
weight in grams was also calculated: V = -7.02449 + 0.21079 (r=0.95; 
n=33). 
The fecundity of mountain whitefish determined in this study wa.s 
similar to that reported for the species by other authors. Whitefish 
from Jackson Lake, Wyoming averaged 15,179 eggs per kilograms of fish 
(Simon 1946). Sigler (1951) found a range of 5,500 to 14,000 eggs for 
five mountain whitefish weighing from 312 to 680 g from the Logan River. 
Whitefish from three Montana rivers had an average (n=21) of 11,779 eggs 
per kilogram of fish (Brown 1952). Thompson and Davies (1976) calcula­
ted the linear regression for the number of eggs per fish (Y) on the 
fork length in millimeters (X) of whitefish from the Sheep River, 
Alberta to be Y = 4347.6 + 50.7 (X-301.5). 
